Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




INTKKMKMBIiAL HO.HdLOfilRS. 

TMt IllAlCslttMiKXi'fc lit rUi. .VNTUKlMIr AMI li.- 
LlMlh- I'll' Vi;iiTI'.lllt.M'Kt. 



lit lUUr O. VVIL1»KH, S.U. 11.1).. 






INTERMEMBRAL HOMOLOGIES. 



INTRODUCTION. 



The general correspondence of the limbs with each other was re- 
cognized by the ancients. The first detailed comparison was made 
by Vicqd'Azyr, in 1774. Since then the subject has received atten- 
tion from nearly all anatomists, and there have come to my notice 
about seventv-five works wherein it is discussed. Of these about one 
half have appeared since 1860, and the number and eminence of their 
authors give reason for expecting much work to be done in coming 
years upon intermembral homologies. Yet so radical is the present 
difference of opinion among the more earnest workers, and so many 
and profound are the problems involved, that there is little hope of 
its final settlement within the present century. For several years I 
have lost no opportunity of collecting material upon the subject, and 
have announced my intention to devote myself chiefly to its investi- 
gation, in the hope of deciding one great question in homologies ; but 
I had also resolved to publish no more upon the subject until I could 
begin the publication of a series of monographs treating in full of the 
various subdivisions of the question. My intention has been altered 
by the following circumstances : — 

1. Several recent English writers have regarded the question as 
already decided in their favor, Flower, 66, ^ 240; Rolleston, 61, 219; 

1 The numbers refer to the bibliographical list at the close of this paper, the 
rst number indicating the toork, the last the page^ and the middle one, when it 
occurs, the volume. 



Humphrey, 72, 68; Miyart, 279, 163, in spite of the pablished opin- 
ions of Foltz, 39, Wyman, 55, and the writer. They hold that the 
relation of the membra is one ofsyrUropy or parallelism j and that pol- 
lex (thumb) is the homologae of primus (great toe); we hold, on the 
contrary, that the relation of these parts is one of analogy^ and that 
the true homologue of pollex is quintus (little toe), and that of min- 
imus (little finger) primus, the membra being antUropically or sym- 
metrically related. 

2. During the past year a new and vigorous ally has entered the 
discussion. Dr. Coues' admirable papers, 70, have already been 
briefly noticed,^ and will be reviewed at more length hereafter.^ I 
now merely express my gratification and my hope that together, under 
the guidance of our eminent teacher, Professor Wyman, we may be 
able to show that a very small minority may yet be in the right. 

3. I have recently been led to modify my previous views respect- 
ing the normal position of the membra in which they should be com- 
pared together, and I am anxious to admit this change since it in- 
volves a concession to those who hold the view of syntropy. 

Still, the present paper is intended mainly as an index of what has 
been done, and of what remains to be done for intermembral homolo- 
gies, and as a prodromus of the works which I hope to ofier in coming 
years. 

It will contain : — 

1. An historical sketch of the question. 

2. A revision of the nomenclature of parts. 

3. A revision of the nomenclature of ideas. 

4. Evidence as to the morphical unimportance of numerical 
composition. 

5. Indication of general problems. 
€. Indication of special problems. 

7. ChronologicAl list of special works upon intermembral homolo- 
gies. 

8. A glossary of morphological terms. 

9. Alphabetical list of collateral works. 

^ American Naturalist, April, 1871. 

* American Journal of Science, July, 1871. 
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I. HISTORICAL SKETCH. 

I have ventured to represent the progress of the question of Inter- 
membral Homologies since 1 7 74, by the foregoing diagram. The 
brace at the left includes a reference to the general comparisons be- 
tween armus,^ (anterior limb), and skelos (posterior limb), which were 
made by the ancient anatomists and by their successors prior to 1774. 
Between these and the recent general comparisons, and forming a 
common point of convergence of the one, of divergence for the other, 
is the ** detailed comparison'* of Vicq d'Azyr. 

It is not easy to do justice to this great anatomist's paper upon the 
membra, partly because it contains no figures, but chiefly because his 
words are capable of three different interpretations, which have 
served as the basis for as many distinct views of intermembral homol- 
ogies. 

Vicq d' Azyr seems to have had in his mind three ideas : — 

1. That armus and skelos really correspond, not only as 
membra, but in detail. 

2. That similar parts face in opposite directions. 

3. That, therefore, in order to make a. comparison more readily, 
it is convenient to place the armus of one side, reversed, against the 
skelos of the other side. 

In brief, he wished to demonstrate a certain proposition; in so 
doing he recognized a certain fact, and therefore followed a certain 
method. His successors have all admitted the truth of the proposition, 
and the majority have gone no farther than to recognize the general 
correspondence between the several segments and articulations of the 
membra. 

But those who have noted the admission by Vicq d' Azyr of an 
antagonism between these corresponding parts, whether or not they 
saw the importance of the principle of symmetry, have more or less 
distinctly recognized the fact, and have, therefore, followed his method 
of comparison as a method, and nothing more. This is evident from 
the words of Turenne, 21, Pagenstecher, 54, and Haughton, 62; and 
some, if not all of those who have been much criticized and even ridi- 
culed (by Owen, 20, 335; Martins, 37; Wilder, 52; Wyman, 55) for ' 
the extraordinary methods adopted in making their comparisons, 
ought rather to be included among those who have followed Oken, in 
recognizing more or less distinctly the importance of this symmetrical 
antagonism as a law of organization. 

1 The nomenclature of parts will be discussed hereafter. 



On th-B other hand, the melho/l of comparison anggeated b7 Vicq d' 
Azyr required that the armus of one aide should he placed parallel 
with the skelos of the other. And tluB, with hia fraquent use of the 
term "parallfele," (by which I belie-ve ho realiy meant only corres- 
pondence.') has given rise to a elasa of views in which this method i 
in part adopted as an end, instead of a means ; and the effort has 
been made in various ways to show that corresponding parts of the 
memhra do, or at any rate should, face in the tame direction. To 
this end, some have suggested tagenxous serial homologies, leaving the 
parts in their natural atUtudea, while others have altered the position 
of the memhra or of their parb<, in ways equally ingenious and plau- 
sible, yet, as I beheve, equally unsound. But all these comparisot 
are based upon the generally received opinion that poUes (thmnb) 
and primua (great toe), are homologous, vrhich opinion I hold to be 



The former method of comparison originated with Dr. Barclay, the 
anatomical preceptor of Prof. Owen, who in 1824 suggested that the 
armua and skelos should be compared in their natural attitude with 
most mammalia, the manus pronated so as to bring the poUex upon 
the inner border of ita raombrum, as was the primus behind. 

This involved a denial of the homology which Vicij d' ^yr ad- 
miued between the extensor surfaces of brachium (upper arm), and 
meroa (thigh), and between the convexity of the ancon (elbow), and 
the genu (knee) ; and it further involved the compar/aon of two par 
allel hones, the tibia and fibula, with two crossed bonea, the ulna and 
radius. Nevertheless, in 1S38 Flourens proposed a similar view, 11 
and in 1846 it was vigorously supported by Owen, 20, 33.?, and 63 in 
many places, who carried it so far as to find the homologue of the 
patella in the sesamoid hone of the biceps brachii in' cert^ bata, and 
the homologue of the olecranon in the projecting post-genual process 
(fabella), of the wombat. 

From this and other details of Owen's peculiar views, Goodsir dis- 
. cents; but in 1856 heenunciated what seems to be essentially tlie theory 
of Barclay and Flourens, associating with it, however, a belief in the 
quinary composition of the membra, which had been suggested by 
Oken, 285, 2380, Duges, 11, 44, and Gerrais, 37, 33. 

I was formerly, 63, 4B6, inclined to include Humphrey among the 
" Antitropista," by reason of his recognition of the antagoniam be- 




tween thu proximal parts of the membra, 34, SOO, and 36, 16, which j 
had been prsvious!/ pointed oat by Agassiz, 2S, 69, and others ; but I 
• a more careful Btudy of his works, eBpUL'ialljr of hie later papers upon j 
the 9obJeet, 64, luid 72, has led me to regard bis views as essentiall/ 1 
syntropical ; since, in hia opinion, the above-mentioned antagonism is ] 
purely telical, and hivolvea no idea of a general principle of sym- 1 
nietry ; so that his compaiison ol'the membra must either be included 
among the recent general compnriauDs, or osEociated with those of 
Owen and Cteland, in spite of their disagreements in respect to at 
special homologies. To Humphrey, however, is to be given 
credit of indicating the value of comparative anatomy in this disciis- 
eion, as to Goodsir belongs the honor of nrging the importance of ■ 
embryological studies, in order to determine the " morphology of I 

The evident objection to a. comparison of two parallel with t 
crossed bones, led Bonrgery, 10, and afterward Craveilhier, 18, lo s 
gest that the tibia was represented by the upper half of the ulna and 
the lower half of the radius, and the Hbula, in like manner, by the i 
npper half of the radius and the lower half of the ulna; bnt theif ' 
view ha^ot been adopted by any later writers. 

Equally unnatural and unsupported was the " Torsion" theory of , 
MacliHe,.23, and Martins, 33, who at different times, bnt as it appears, 
independently, endeavored to preserve the syntropy or serial ho- 
mology of the membra, the natural attitude of the manus, and at the 
same time remove the objections to the views of Barclay and Bour- 
gery by admitting the homology oT the convexities of ancon and 
genu, and the parallel relation of ulna and radius; they assumed that ' 
'the humerus was a, bone twisted upon its axis for 180"," and that it 
required to be unlwisled in order to make the armns comparable with 
the skelos. A certain amount of "torsion" has lately been admitted 
by Gcgenbaur, 59, but the conclusions of Maclise and Marlins have 
been adopted by no other anatomists, and have been objected to by 
Humphrey, 36, Wilder, 45, and "Wyman, 55. 

A reaction from these speculative views took place in 1864, when 
ProK Huxley proposed a comparison of the membra, 42, which differs . 
in many respects from all others, even in the manner of its presenta- 
Uon ; since its author appears to have attached so little importance to 
it that he has never written it out for publication or referred to i 
his later works; and so far from believing, like the author of 23, that j 
his method of comparison was to ■' unravel the gordian knot of that , 



problem whioh had bo long existed as a mystery for the morphologist," 
Professor Huxley admits that "it cannot be considered hs thoroughly 
satisfiiclory since it has not been checled by tie aid of Uio complete 
study of the development of the parts in question, the only method 
by which any morphological problem can be determined."' The pre- 
value of development in the determination of homologies will 
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he discussed hereafter, but there c 
importance had been given te it 
membra. 

"■ Profeasor Hujtley instituted a nt 
not in the position nhicb they assu 

one in which they really correspond with each other, viz., that which 
they first exhibit in the embryo. In this condition they stand out at 
right angles from the body, the extensor surfaces being plaued dor- 
BnUy, and the flexor surfaces ventrally, with both pairs of limbs. 
Tbey then gradually become bent and afterward acquire the modified 
position which suits them for their function in life, and to which their 
variDua articulations become adapted. The embryonic position con- 
tinues throughout life in many amphibia and reptiles and without 
much change in galeopitbecus." 

Husley then proceeds to compare the premembral (anterior) borders 
of the membra together, making the radius and pollex homologous 
with tbe tdbia and primus, upaa the generally accepted principle of 
syntropy or serial homology; not realizing that the very same regard 
for the facts of development which led him to ignore the subsequent 
flexure and attitudes of the membra, should also require him to giva 
no heed to those secondary modifications of the primordial buds 
which differentiate pollex and primus from their fellows, and cause 
them to resemble each other in many higher animals; hut aside from 
his special interpretation of homologies, I am now ready to accept his 
method of placing the membra for comparison as tbe true one, of 
which more hereafter. 

This general view of the method to he pursued in determining 
intermembral homologies has been adopted by Mivart in 136S, by 
Pagenstecher in 18G7, by Eolleston in 1868, and by Flower in 1870; 
who, however, have each proposed modifications in detail, which I 
will not discuss here, since the special interpretations of muscular 
homoli^ea depend upon the general view of membral homology, and 
stand or fall therewith. 

Parker has not expressed a decided opinion upon the subject) let 
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oa liope that hiB late mognificeat contribution to rationaj bomolof 
S92, iaa,y be followed by a like vork upon the membra, a. 
basis for all subsequent infeatigation. 

Cleland has publit^hed twt) short papers upon intermembral hoi 
gies, 4Jand 65; in the first he inclines to the general vie» 
and in the latter makes the lower jaw serially homologous v 
membra; but he kindly permits me to state that be is by ni 
satisfied with the present aspect of the question, and is even willing 
ta admit the existence of "synimetry" in certain eorporol organs ; so 
that I Ventura to hope that he may yet retognisie the antitropic rela- 
tion of the membra, especially since I am now ready to agree -with 
him that the antagonism of the mombral flexures in many mammals, 
ia the result of telical modilioations of their primary and normal 
condition; therefore, in spite of his previous views, and his disagree- 
ment in detail with the muscular homologies of the others, he may 
not object to being enumerated among those who follow Huxley in 
basing their further investigation of intermembral homologies upon 
the facta of comparative anatomy and embryology rather than upon 
Bnthropotomy. 



The suggestion that a symmetrical relation or antagonism exists 
between the cephalic and caudal regions of the vertebrate body, ia 
contained in many paragraphs of Oken's Physio- philosophy, 285, Par. 
2114, 2242, 2951, etc., and has been since alluded to by Agasaiz,* and 
Dana'; but these emineiit naturalists have never published any di- 
rect application of the idea to the membra, although it cannot be 
doubted that Oken would now be among the first to adopt the anti- 
tropical compansoo, as Agasslz and Dana have privately done.° 

The first published comparison of the membra upon the basis of 
antitropy was that of Gerdy in 1829, 9; he appears to have been a 
artist as well as an anatomiiit, and to have been thus led to look upon. 3 
the whole hotly as a symmetrical structure, whose upper and lower ^ 
ends repeat each other in opposite directions as do the right and left J 
sides; he began to apply this principle to the membra, but unfop.-'] 
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Innately emplojed Itose of man in the erect attitude, ant 
mortiorer ao impressed with the pruvailing beUef tliat pollex and pri- 
mus maet correspond, that he failed to discover the existence of the 
idea of symmetrj' in the ilistal portions of the membra. 

A few years later, Budd, 79, and Paget, 80, observed some patho- 
logical evidences of a relation between symmetry and disease, to 
which I have made some additions in 60. 

A more BuccessTul, attempt to ascertain how iar the membra are 
tmly symmetrical structures, not in a telical sense, as Humphrey re< 
garded them, but upon the basis of the ideas sujj^regted by Oken and 
Gerdy, was made by Professor Wyma.n in 1860, 35. In a verbal 
n which it was my good fortune to hear, this eminent 
It clearly and impartially stated the views of previous authors, 
and pointed out the objections thereto ; no report is given of this 
remarkable communication, but as I recollect it, being then a atuilent, 
and hearing of the subject for the first time, Professor Wymnn ex- 
pressed himself substantially as follows : — 

"In order to compare the upper and lower limbs of man, the skele- 
ton should be placed in a horizontal attitude ; the Itmbf then liang 
downward ; in their natural attitude, with moat mammalia, the elbow 
looks bnckward and the knee forward; the shails of the humerus 
and femur are inclined in opposite directions ; if now the hand 
be supinated, and the fingers pointed backward, there results a 
complete symmetrical hDmolon;7 between all parts, until we come to 
the thumb and great toe ; for the former is now upon the outer bor- 
der of its limb, and thus opposed to the little toe ; this ilifliculty [a a 
very serious one, and there seems to be no satisfactory method of 
removing it." 

This view of the limbs was afterward freely discnased by Professor 
Wyman in his laboratory, and was made the basis of later and de- 
cided expressions of opinion by Folsom, 40, and myself, 45, who were 
not then able to perceive the full force of the objections which our 
preceptor had indicated to bis own view. 

Three yeara later, but apparently unaware that Prof. Wyman had 
treateil the subject, Br. Foltz published his very valuable papers, 39, 
in which the general subject of symmetry is ably discussed and 
shown to exist between the membra, ev«n to the digits and dactyls; 
but, excepting the supination of the nianus ao as to face the palm 
forward as tbe sole faces backward, F«ltz retains the quadrupedal 
attitude of the membra, and liirther encumbers his theory with tlie 



12 



hypotliesiB of the "binaiy compo^tiDn" of the pollex and pTuniu,1 
order to get rid of the difficult)' caused by their a 
makes IB all norniall/ sc^xdigitista; and asuosuffidentreBsonE are givea B 
for this part of the view, and as man is the only species in nhicflq 
this Bpeeial difficulty would arise, and as Ki'se is now admitted to b 
of very slight.morphical importance, no one has adopted lie view ol 
binary composition of the pollex and pnmus. 

My own contributions to the solution of this problem originated iBil 
the effort to remove the difficulties pointed out by Wyman, by aug-l 
geEting that the morpbical valite of the manuH and pollex 
Tersely to their telical importance, and that any difficulty with theotfl 
should not be allowed to outweigh tbe teachings of the prozinuitifl 
portions of tbe membra; this suggestion was contained in my gradua*V 
tion thesis in 1S62; and more fully presented in 1865; the same ti 
was advocated in subsequent papers, 51, 62,57 and 58, together « 
another respecting the morpliical unimportance of the character "i 
ruerical composition"; both these points, with the distinction betwi 
natural attitude and normal position, I regard as demanding carefula 
study in this connection, and tliey will be discussed hercaltcr; but ii 
the above papers, I followed Wyman and the rest in comparing th' 
membra in the condition they prenent in the quadrupeds, which I I 
now believe to be not their norma! condition. 

In compliance with the oft-repeated request of former students and 1 
others interested in the subject. Prof. Wyman at length completed 9 
and published his paper on Symmetry and Homology in Limbs; { 
In the words of a reviewer, "certainly no modem inquirer h 
searched the secrets of Nature more closely, or clothed his diacoTsriehfl 
in more concise and modest language." Alter showing that " in rtgbu 
and left ports distorted symmetry is the exception, while it 
and hind (cephalic and caudal) parts of adults it is the rale," 
Wyman points out the remarkable analogy which exists betweetfiH 
Bymraetry as brought about bj al f rte and the effects of phyaieftl'l 
polarity; then discusses the un h a n f A mology, and concltideSf ■ 
" those parts of the limbs w 11 be bom yp which have iba sama J 
relative position and are syme n lly pi d with regard to each \ 
other." p. 260. 

He then compares tbe van u pa t f th membn 
structures, "'repeating each other in a reversed manner from before J 
backwards as right and left parts do from side to side, because, ' 
though open to grave objections, the difficulties met with, are, on tbe.!] 



whole, fewer Qiao in the other, aiid becaose too, it is supparted bj 
the indications of tore and hind afmmetry in other purls of the 
bodj" (p. K46) ; the objectiona are the aame as were stated by him 
seven years before, and relate to the thumb anil great toe, which are 
'■ assumed by most anatomists to be homotypes; first, on account of 
their relativa size ; second, because they have similar relative poai- 
tioDS in the ordinary attitude of the fore arm ; thirdly and L'bieSy, 
because they have only two phalanges each, while each of tJie other 
digits has three or more" (p, 276). The first two objectiona to asym- 
roetrical homology of the parts, which brings the thumb as homo- 
logiie of the little toe, are removed by showing first, that " the 
attribute of nize loses its value when studied iu the lower animals"; 
and second, that the natural attitude of the hand is a " false posi- 
tion "due to the "rotation of the forearm in the embryo, but fcr 
which the thumb would have been on the outside of the hand, and 
would consequently have conformed to the position of Che little toe." 
But the third difficulty ''forms tlie greatest in our way and is nut so 
easily disposed ol'; and we must rest content with the assumption that 
the thumb with its two phalanges is the homologue of the Utile toe 
with its three phalanges." (p. 277.) 

The complete removal of this diffioulty is one of the chief aims of 
the present paper, and will be tha subject of a section upon the 
'■ morphical unimportance of numerical composition.'' 

Frof. Wtnnan makes a valuable suggestion (p. 271) as to the 
normal shape of the carpal and tarsal bones, the metacarpals and 
metatarsals (p. 27.'j), which is capable of application to all the long 
bonea of the membra, and had been eveti proposed by Mivart, 46,401, 
with respect to the scapula and ilium; if all the long bones had been 
regarded as morphically columnar and cylindrical, the theory of 
" torsion " would never have taken the form it did. 

Like Huxley, Wyman lays great stress upon the iraportance of 
comparative anatomy and embryology in this connection, but ap[>oars 
not to have seen the former's paper, since he does not allude to the 
method of comparison suggested by him, namely, bj- placing the 
membra parallel with each other and at right angles with die trunk, 
the convejdties of the iincon and genu looking upward aa with em- 
bryos and many lower vertebrates; and as this is the visual method 
which now seems to me most likely to lead towiuil a final solution of 
the question, the lack of allusion to it and agreement with it, appears 
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to constitute the main defect in the work of my illustriotu preceptor 
as a complete guide to the future study of intermembral homologies.^ 

The same general criticism is applicable to the admirable series of 
papers by Dr. Coues, which appeared durinj; the past year. The 
author follows closely in the footsteps of Wyman, '*not blindly but 
unable not to see the validity of hi^ arguments/' 70, 195, and there- 
fore with a few minor differences, or doubts respecting details, adopts 
the osseous homologies of Wyman as the basis for the determination 
of the "muscular correspondences.** In respect to these, although 
Dr. Coues is led to differ materially upon some points from my own 
previous conclusions, 45, yet he has generally shown such good rea- 
sons therefor, that my approval of this part of his work is unqualified, 
and I am anxious to go over the whole ground anew in the light of 
his able discussion. In two other respects, however, I am forced to 
criticise his work. 

In the first place, he has *'no acknowledgements to make excepting 
to three authors," ^ 70, 149, and therefore, whatever satisfaction may 
\Hi deriv<?d from having so taken up the subject fresh, he has also lost 
the Ixjnefit of the check which an acquaintance with many and dif^ 
erent views exerts upon the tendency to the exclusive adoption of 
any one. 

In the second place, he has, in my opinion, adopted a faulty 
method from each of his predecessors. He has intentionally fol- 
lowed Owen, in the use of many different and oflen ponderous ex- 
pressions for the same idea in order to avoid monotony, 70, 193, note; 
whereas, in homologies, as in mathematics, each object and idea 
should be known by a single term and by that alone; since of all 

1 It may at Ant appear that too much stress is laid upon this point, since, as 
Dr. Cones has suggtwted to me, the principle is right and the same parts are anti- 
tropically compared, whatever bo the attitude of the membra ; but it must be borne 
in mind tliat tliis matter, so trivial in the eyes of a zealous antitropist like my mor- 
phological brother, is a stumbling block in the way of the confirmed syntropists 
who constitute the vast majority of anatomists. They deny the law of symmetry 
at the outset, on the ground that its chief evidences are the natural antagonistic 
flexures of the membra which exist in a few quadrupeds only, and not in the 
earlier stages of development. And in vigorously opposing this unnecessary corol- 
lary of our theorem, they get into a tnme of mind wholly unfit to receive sounder 
evidence of the theorem itself; like 'binary composition' the 'quadrupedal atti- 
tude' is an uncalled for, thougli natural, amendment to the measure of antitropy 
which we support. 

* Oyien, Wyman and the writer. , 



the natural tciences, this demands the closest attention, and the 

absence of all uneSeeDtial considerations. 

Coues has accepted unquestioned the viow of tbe normal positjon 
of the membra, for comparison, which -was first proposed bj Wyman 
and adopted by Foltz, Folaom, and myself; this yiew is based npon 
the proposition of Wyman, 56,265, tha.t " the knees and elbows in all 
animals are beut so as to form angles pointing in opposite directiooB "; 
if we except the fishes, this generalization is correct, promded that 
Ibe membra are placed in the poaition they have with most; quadru- 
peds; but Goodsir, Humphrey and Huxley and Wyman himself have 
shown that this is not their primary position, and it is quite possible 
that both Wyman and Cones might have followed Huxley in deny- 
ing that it is their normal position, had they read his paper. 

Finally Dr. Coues has accepted from the writer a terminology of 
ideas (antitypy, etc.) which was itself based upon the Owenian 
phraseology, which was in no way expressive of the ideas designated 
thereby, and which I now propose to discard for a mote significant 
nomenclature derived from the word which begins this section; of 
which more hereafter. 

I have commented upon Dr. Cones' methods the more freely 
because, as regards the use of many and lengthy words, and the 
acceptance of single authors' peculiar -views, my own sins have been 
more and greater than his can ever be.' 

Dr. Coues may be glad to know that it is only since reading his 
papers, and during the careful review of the whole subject in prepa- 
ration of this paper, that I have been l&d to modify my own opinion in 
regard to the position in which the membra arc to be cooipared 
together, and to adopt the view of Huxley already referred to. If 
he will join me in this ' — and still better, if the great anatomist to 
whose example and advice we both owe so much of our encourage- 
ment to this kind of work, — will yield his adherence to this new 
method of comparison, we may be bold enough to hope to close the 
first century of this controversy by proposing a view embracing 

' Lat me hera thuik my kind pnaeptor Bud mjr other solentiaij Mendi for nllow- 
Ing me to be Hia flret lo express the opinion that s certain memoir, 45, wftereof 
the writer wu rattier prood, would litvo 1>eeii the better tor much cuIUng uid 
proning in the aboiB mentioned respeuu, although I b«ve no rosson to regret the 
genonl views therein advocated. 
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the best elemente of both the two great parties, Syntropists and I 
Antitropiats; the BealiKts ami the Idealisia they may also be called,>r 
since the former baaed their views apon certain facts to which n 
given undae prominence, while the latter began witb the recognitiosl 
of a great principle, whii^h thej sought to trace in all parts of thefl 
body; they may also be called the Peripheralists and iho CeutnUist*,' f 
since the former began their compariaons at the distal extrenii 
the membra and made the rest conform thereto, while the latter 
began with the evidences of symmetry in the body itself, and hoped 
to find the eame law ilhistmted in the appendages ; and finally the 
two schools are essentially i^tbe Teleologists and Morphologiatg, sine 
the former always laid great stress upon the fmictional correspond^jJ 
ence of the polies and primus, while the latter sought for the e 
dences of an abstract, morphical law of oiganiKntion, nnd only failed 1 
in that search through lack of diserlminatJou between morphical aud.fl 
tslical attitude, form, and composition.' 

Professors Hualey and Wyman are universally reeogniied as leadfj 
ers of these two parties: both are anatomists of the highest rank I 
and the latter has never been known tofally adopt a view which h 
atterward proved unsound : both admit the difficulties which beset 1 
this problem and, unlike some of their predecessors, make no pretencen 
of "cutting the Gordian knot "; finally both have strongly ui^d thai 
great importance of embryology and comparative anatomy. 
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1 Among the notM made nbout (he iime of girtng a couriw of Unlversitj 
tureslnCambridge, IIB59., IflndthpfollowiDg: '' It will be curloua if tbe n 
Is Sniilly compromiEed by sdoptlag Ihe view bb to <be position of the liniba pro- 1 
posed bf Hnxley, and nuking our own IntcrpretRtloii of Sjmntetry " \ dated Feb. 
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Ic is probable, tberefore, thai for tbe final solntion of this pi'ob- 
lem, we must combino the visual medioil of Huxley, as based upon 
the facts of position in embryo and lower animals, with the 
inldlectval method of Wfman, as based upon a great law of organi- 
zation. This conveigenoe of the two opposing theoriea of Sjntropy 
and Antitropy ia indicated in our first diagram of authors, and may 
be seen still more plainly in the preceding figure- 
In that diagram the arrotTB represent the longitudinal axis of 
the body ; they look in the same direction in the lover figure, in 
opposite directions in the upper; in the lower figure the membra of 
the right side are shown in the position soggested by Iluxley; but the 
brace still connects pollex (P) and primus (Vr.) , which according to 
syntropy are homologous parts ; in the upper figure the membra are 
turned away &om each other as wholes, but the special fieiures could 
be shown only from the side; here the brace joins the minimus (Min.) 
and primua (Te,'), which are homologons, according to antitropy. 
The position of tlie membra iu the one, and the itita of symme- 
try in the other of these two figures are united in the third, where 
the braces can join poUex and quintus, minimus and primus.' 



II. NOMENOLATTJRE OF PAKTfl. 

The great activity of workers in homolcgies demands the repair 
and, in some cases, the renewal, of their "toots of thought"; oat 
anatomical nomenclature is now as incongruous and unmanageable as 
zool(^ical nomeuulaturc was before Linni^ua; even our highest au- 
thorities employ those abommable terms compounded of "'fore" 
(200, 1, 273, and 2, 281), and describe the skeleton of aji ape as if 
in the erect attitude, so as to reverse all the terms of comparison 
with the vertebrate animal in its normal position (275, ITG, note 2). 
Special inconsistencies and objectionable features will appear in the 
following synonymy, wherein I have p-urpoaely quoted, as tar as possi- 
ble, from high authorities, since upon them we must rely for effecting 
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tive poBltiUDB of Uie membra; but i^tbaugb the antbdrwnU ilpHriboi II 
tropf whJDii exists in many rsrlebrBtca whero the membra eitber prnjeot 1st- 
erally, or aru rotataa eo as to bring the aneon and genu forward, aa in tortutses, 
and tho *'££flterotJopfe" wMob cliaraaterlzcB the membra of most other qaadru- 
peda, no direct Kght <a thrown upon the morphieal relations between Ibu membra 
themselves; perhaps bin iavieUgationi upon the Torsion of the Hunietua and 



cbnnKM proposed mc, m &r u poadUei in ) 
oDce with the rollowing ruquiivniunt* of technical terms : — 

1. Claatie Derivsiinn; 2. Capacity for inflmttionj S. Bre»itr; 
i. Indt-pondenre of context Ibr fignilicalJon; 5. Non-aiabigaitf to 
the ear as well as to tlie eve; 6. Previous use in a kindred 
sense. I cannot hope to liave eatislied all the requirements in cverj 
case, and nak for corrections and Hmendments, 1 admit all tbc oV 
jectioDS which liavc been urged againsl new (emis; but am con- 
vinced that some tlian^ must be tnadc before homology can be the 
esaiit science which it is rnpnWe of becoming; and 1 would refer to 
Affimx (200, 3, G9>. Goodsir (23;, 2, 83), Owen (63. I . xiii) and 
) in support of a corret:t system of 



Strauss-DurckheiiD (33 
imenclature. 




The accompanying dia- 
gram presents the dorsal 
surface of a verl«brale ani- 
mal in whiit may be called 
a nsufra? or indiffertnt con- 
dition as to both attitude 
nnd structure; although 
some details are introduced 
for tbe purpose of employ- 
ing this figure in other 
parts of the discuBnon. 
I1ic animal is shown as a 
circular disk, the "ger- 
minalive area," at the time 
it presents the two charao- 
teristic and 
tures of all Tertebi 

First : — A disflrii 
tion between the cepl 
and the caudal regions by 
the formation of the ce- 
pha,lio and caudal hoods; 
and it is of great signifi- 
cance that, (with the Tur- 
tle at least, according to 
Agassiz, 200, 2, 537-589) 
tills occurs prior to the 
separation into a right and 
a left half. 



iB two chara^^^^ 

TertebniM^^^^I 
L diseT^mruS^^^^I 
the cephalic 
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— The fornifttionof agroove, the "primitive furrow," wWdi 
a the cephalic and the caudal fol'Is and indicates the posi- 
tion of the fiiture longitudlniJ. axis, di-viding the ovum into a right 
and a left half. 

The membra also are left in what may be considered tbeir nnulral 
position, extending outward at right angles with the longitudinal axis 
of the trunk and parallel with each other; that this sbonld also he 
regarded as the "normai position" of the membra in contradistinc- 
tion to their numerous ''natural attitudes" will be shown bereailer. 
This neutral position of the membra presents the convexities of the 
knee (genu) and elbow (ancon) corresponding with the so-cslled 
"dorsal" or "extensor" or " epaxial" surfaces, the manua being 
supinated and placed £at upon the earth, and the whole armus having 
nearly tlie position it has in a land tortoise or in a man when upon 
'' all fours." 

The digits and dactyls are shown of nearly equal length ; the pre- 
membral digit and daclyl (poUex and primus) are joined by a dotted 
line (A), to represent the analogy which they undoubtedly liear to 
eacli other; but the continuous line (E) unites the postarmal digit 
(minimus) with tlte preskeleal dactyl ^(primus) to indicate the ho- 
mology which is held to exist between them by Wyman, by Coues and 
the writer. The carpal and tarsal bones are shown as parallel rows 
of similar ossicles, as suggested by Wyman (55, 274). 

OuozONS (shouUier girdle). 

Scufti^a, Lat.— -fi/inf, (7) Gr.— Ceinfure/AoroctijuB, Foltz, 39, — 
Schtdter-giirUl, Geg,, 2il>, fe.re.—Shovider-ginlle, Park., 293, /ere. — 
Scapulo-coraeoid arch, Ow., 20, 184 — Jlainal arch of occipilai verte- 
bra, Ow., 63, 1, 12a.— Scapular girdle, Goods., 237, 2, 199. — Scapu- 
lar arch, Wym., 55, 260. 

Remark. For this and the following name I am indebted to Dr. 

IsCHizoNK (pehic girdle). 
Pelvis, Lat. —'loxU, (?) Gr. — Ceinture pelmenne, Foltz, 39,/ere. 
— Beckengiirtel, Geg., Hid fere. — Hcemal arch of (?) vertebns, Ow., 
20, 268.— Peiuic girdle. Hum., 72, fere.— Pelvic arch, Ow., 63, 2, 307. 

Mbubka (the linAs). 

Membra, iM-^fiA'a, Gr. — Membres, extremites, Fr. — Glieder, Ger. 

— ^rtus, Bonap., Tr.Lion. Soc. 18,248. — ^Lejs, vulgo.^£unii», Goods., 



2iO,/ere^Laleral limbs, Ham., 248, S5.— Portal limis, Ow., 83, 1, GSJ 
— Appendages, Mlv., 276, fore. — Diverging appendages, Ow., 63, 
581. — Appendicular parls. Flow,, 71, 219. — Locomolive organs, Ow., 6$ J 
2, 280.— Liberated nife. Ok., 285, Par. 2370, — Archipler^gii, Geg., 68^ 
400. — Extremitmen paarigen, 231, 424. 

Membrum, membri, membra, mcmbroniia, membrat.' 

NoDUB (artieulia memftri). 

Nodus articuliis, Lat. — 'jitlSfar, Gt. — Joint, arlienlation, Fr, — Ge.lsnk,H 

Ger. — Joint, Ow. 63, 2, 542, (intemodifim).^ — Artkuhition, Anthropo-'J 

Nodus, nodi, Qodi, nodorum, nodal. 

Internodium (segmentum nxembrC), 

/n(emoiitum, Lat — Tttf,iia, (^?)Gt. — Intemode, Coues, 70,_ftrH. — ^^% 
went, Ow., 63, 2, 306.— /oinf, vnlgo, (nodus). 

Intemodiutn, intemodti, inUmodia, intcmodiorum, internodial. 
Armob ' (jneyidtrtim anleriils'). 

Braehivm, vlna, laeertus, Lat. — Bju^fluv, Gr. — Bras, Fr. — -Arm,! 
Ger. — Diverging appendage of occipital vertebra, Ow., es, 2, Table i. 
Fin, Ow., 63, 2, 437, — Leg, limb, member, Jin, appendage, wiUi aSA 
jectives as follows: Fore, Ow., 63, 2, 482.— tTpper, Maul, 23, 666.- 
Anterior, Hux., 42, l.~Peetoral, Ow., 63, 2, 6b.— Allantai, BarclayS 
(quoted by Owen, 20, 33i).—Thoracique, Foltz, 39, /ere. — Stemal,.i 
Vogt, Nature, Jan. 20, 1870. 

Armus, armi, annt, amiorum, armaL 



Omob (nodtis proximus arvii). 
'ii^of, Gr. — ^paule, Fr. — Achsel, Ger. — Shoulder-joint, scapuiO' 
humeral artievlation, AuthTopotomy. 
Omoa, omou, omoi, omon, omal. 

1 Hem and heieatler are ^ren doiil. and gen. elDguIor and plural, and tbe ad* 
jBcUTefDrm of Ilia word i tbe flrBtnamb«' after anaiithor'a name uorreaponda to 
the munber of his work upon tho list ; llie last Indicated the page ; the aecond, nhsn 
It OQcun, the Toluoie of the work. 

33 that the prpccdtng njnonym 1 
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Anoon (nodus meditis arrni). 

Cubitum, Lat. — '^yjcwv, Gr. — Coude^ Yv.—Elbogen^ Ger. — Elhowj 
Wym., 55, 265. — Elbow-joint ^ Anthrop. 

Ancon, anconos, ancones, anconon, anconal. 

Carpus (nodus uLtimus armi). 

Carpus^ Lat. — Kaqnog^ Gr. — Carpe, poignet, Fr. — Handgelenk, Ger. 
— Wrist-joint, Ow., 63, 2, 310. — Knee, Ag., 200, 1, 361, (genu), May- 
nard, Nat. Guide, p. 40. — Radio-carpal articulation^ Anthrop. 

« 

Stethos (pseudo-intemodium proximum manus,) 

Metacarpus, Anthropotomy. — Stethos, Str. Dur., 331, 1, 116. 
Stethos, stethou, stethoi, stethon, stethal. 

Remark. This term was really applied by Strauss-Durckheim, 
not to the whole metacarpus, but to the second metacarpal bone; but 
upon the ground that the Greeks applied the term to the whole 
metacarpus. 

Brachium (intemodium proximum armt). 

Lacertus, Lat. — Bras^ or bras superieur, Fr. — Oberarm, Ger. — 
Brachium, FL, 71, 219, (armies). — Arm, Fl., 71, 239, (armus), — Upper 
arm^ FL, 71, 219. — First segm£nt, Ow., 63, 2, 306 (meros). — Proximal 
segment, Hum., S6,fere, (meros), 

Brachium, brachii, brachia, brachiorum, brachial. 

Cubitum (intemodium medium armt). 

Cubitum, (?) Lat. — nrjxvg, Gr. — Avant bras, Fr. — Vorderarm, 
Ger. — CMt, Macd., 255, fere, — Fore arm, Fl., 71, 219. — Middle seg- 
ment, Hum., S6,fere, (crus), — Secohd segment, Ow., 63, 2, 306 (crus), — 
Antebrachium, FL, 71, 219. 

Cubitum, cubiti, cubita, cubitorum, cubital. 

Manus (intemodium ultimum armt). 

Manus, Lat. — XbIq, Gr. — Main, Fr. — Hand, Ger. — Manus, FL, 
71, fere, — Hand, Wym., 55, 273. — Foot, Ow., 63, 2, 484, (pes). — 
Fore-foot, Ow., 63, 2, 283. — Fore-hand, Ow., 63, 2, 541. — Distal seg- 
ment. Hum., 36, fere, (pes), — Terminal segment, FL, 71, 252, (pes), 

Manus, maniis, manus, manuum, manual. 
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DiGiTi (digiiimanus), 

Digiti manils, Lat — Juxrvkot^ Gr. — DoigiSy¥r. — Finger^ Grer. — 
Fingers and thumb, Ow., 63, 2, 544.— Toe^, Ow., 63, 2, 488 (dactyli), 
—-Digits, Ow., 63, 2, 539, (dactyli), —Fingers, Ow., 63, 2, 328. 

Digitus, digiti, digiti, digitorum, digital. 

POLLEX (digitus radicdis), 

PoUex, Lat. — *Avrixti^, Gr. — Pouce, Fr. — Daumen, Grer. — PoUex, Fh, 
71,/ere.— T^^wmJ, Wym., 55, 276.— 2^tV5< rfi^/z, Fl., 71, 255, (primus). 
—Outer digit, Hum., 34, 389; 326, 112.— Inner digit, Ow., 63, 2, 
509, (primus). — Radial digit, Fl., 71, 255. — Preaxial digit, Fl., 71, 337. 
First toe. Goods., 237, 1, 450, (primus). 
Pollex, poUicis, pollices, poUicum, pollical. 

Index (digitus a poUice proximus). 

Digitus index vel salutaris, Lat. — Jlxavog, Gr. — Indicaieur, Fr. — 
Zeigefinger, Ger. — Index, Ow., 63, and FL, 71, fere. — Second digits 
Ow., 63, 2, 428, (secundus). — Fore-finger, vulgo. 

Index, indicis, indices, indicum, indical. 

Medius (digitus medius). 

Digitus medius vel famosus, vel infamis, vel impudicus, Lat. — 
Doigt du milieu, Fr. — Mittelfinger, Ger. — Middle toe, Ow., 63, 2, 456 , 
(tertius). — Middle finger^ vulgo. — Medius, Ow.,63, Fl. 11, fere. — Third 
digit, Wym., 55, 276, (tertius). — Second digit, Sandwith, letter to 
Owen, Mem. on Aye- Aye, Trans, Zool. Soc, (index). — Verptts, 
Str. Dur., 331, 1,117. 

Medius, medii, medii, mediorum, medial. 

Minimus (digitus ulnaris). 

Digitus minimus ; digitulus auricularis hrevissimus, Lat. — Doigt auric' 
ulaire, Fr. — Ohrfinger, Ger. — Little finger, Wym. 55, 276. — Outermost 
digit, Ow., ? (quintus). — Fifth digit, Ow., 63, 2, 307 (quintus). — Mini- 
mus, Ow., 63, Fl. 71, fere. — Wing-finger, (of the Pterodactyle) Ow., 
289, 273. — Micros, Str. Dur., 331, 1, 117. 

Minimus, minimi, minimi, minimorum, minimal. 

Annularis (digitus a minimo proximus). 
Digitus annularis, medicus, medicinalis, Lat. — Doigt annulaire, Fr.i*t^ 
Ring finger, Ger. — Annularis, Ow.„63, Fl., 71, fere. — Third finger^ 
(Eng. Lat. Lexicon). — Fourth digit, Ow,, 63, 2,306 (quartus). — Ring- 
finger, vulgo. — Paramese, Str. Dur., 331, 1, 117. 

Annularis, annularis, annulares, annularium, annularial. 
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8kelo8 (membrum posterius) . 

Artus, Lat. — SxiXo^^ Gt.-^ambe, Fr. — Schenkel^ (?), Ger.*— Dwer^- 
ing appendage of pelvic arch, Ow., 63, 2, 429. — Sacral limb, Barclay 
(quoted by Ow., 20,334. note). — Hind limb, Ow., 63, 1, 191. — Lower 
limb, Macl., 23, 666. — Pelvic limb^ Macl., 23, 664. — Membre pelvien\ 
Foltz, 39, fere, — Membre inferieur, Richaud, 16, fere, — Leg, vulgo, 
(crus). 

Skelos, skeleos, skelea, skeleon, skeleal. 

Coxa (nodus proximus skeleos). 

Coxa, Lat. — 'laxiov, Gv,-^Hanche, Fr. — Lende, Hiifte, Grer. — Hip 
Joint, vulgo. — Innominato-femoral articulation, Anthrop. . 
Coxa, coxae, coxae, coxarum, coxaJ. 

Genu (nodus medius skeleos). 

Genu, Lat -f -Tow, Gr.—^ (renow, Fr. — Knie, Ger. — Knee, Wym., 
65, 265. — Knee-joint^ vulgo. — • Femoro-tibial articulation, Anthrop. 
Genu, gentls, genua, genuum, genual. 

Talus (nodus ultimui skeleos). 
Talus, Lat. — Stpvqbv, Gr. — Coude-pied, Fr. — Rnochel, Ger. — 
Ankle, vulgo. — Ankle-joint, vulgo. — TiMo-tar sal articulation, Anthrop. 
Talus, tali, tali, talorum, talar. 

Meros (internodium proximum skeleos). 

Femur, LB.t,—Mt}Q6g, Gr. — Cuisse^ Fr. — Schenkel, Ger, '--Proximal 
segment,. Hum,, B6,fere (brachium), — lliigh, FL, 71, 281. 
Meros, merou, meroi, meron, meral. 

Crus (internodium medium skeleos),. 

Crus, Lat. — ^vtjfitj, Gr. — Jambe, Fr. — Unterschenkel, Get, — Middle 
segment, Hum., 36, fere, (cubitum)-^Cnemion, Ow., 63, 1, 170. — Leg, 
FL, 71, 281, (skelos), 

Crus, cruris, crura^ crurom, crural. 

Pes (internodium uhimutn skeleos). 

Pes, Lat. — novg, Gr. — Pied^, Fr. — Fiiss, Ger. — Distal segment, 
Hum., 36, fere (manus), — Foot, Wym., 65, 276, (manus), — Hand, 
Ow., 63, 2, 29A,^Hind hand, Ow., 68, 2, 5A2,— Hind foot, Ow., 63, 2, 
487. — Pes, Ow., Fl., Miv., Bjo\,, fere,^ Terminal segment, Fl., 71, 
306. 

Pes, pedis, pedes, pedum, pedal. 
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Podium {pseudo-intemodium proximum j>edi8) . 

Metatarsus, AnihroTpotomy, fere. — Podium, Str. Dor., 331, 1, 12. 
Podium, podii, podia, podionim, podial. 

Remark. This term was not really applied by Strauss-Darck- 
heim to the metatarsus, but the vowel variations of podion (padion, 
pedion, pidion, podion, pudion) were applied to the metatarsal bones 
of the primus, etc., respectively. 

Dactyli (digiti pedis), 

Digiti pedis, Lat. — JuxrvXoi nodog^ Gr. — Doigts posterieurSy Fr. — 
Zehen, Ger. — Digits, Ow., 6B,fere, (digiti), — Toes, Ow., 63, 2, 362, 
(digiti), 

Dactylus, dactyli, dactyli, dactylorum, dactylic. 

Primus (dactylus tibialis pedis), 

Allex, Lat. — Gros orieil, Fr. — Grosse Zehe, Ger. — Hallux, Ovr.y 63, 
2, 553.--Great toe, Ow., 63, 2. 553.— rAwmJ, Ow., 63, 2, 544, (pol- 
lex). — Inner toe, Rol., 234, 1, viii. — Tibial digit, Fl., 71, 306. — I^re- 
axial digit, Fl., 71, 3S7,— First digit, FL, 71, 306,— Hinder thumbj 
Ow., 63, 2, 512,— Tibial toe, Ow., 63, 2, 362,- Protos, Wild., 67, fere. 
—Pollex, Hum., 34, 576. 

Primus, primi, primi, primorum, primal. 

Secundus, (dactylus a primo proximus). 

Digitus secundus pedis, Lat. — Hellux, Str. Dur., 331, 1, 125. — 
Index, Rol., 284, L, (Index), — Second toe, Ow., 63, 2, 553, (Index). — 
First Hind-finger, Tenney, Man. of Zoology, 22. — Second digit, Ow., 

63, 2, 2^0, (Index). — Second finger. Van der Hoeven, 307, 743 

Deuteros, Wild., 67, fere, 

Secundus, secundi, secundi, secundorum, secundal. 

Tertius, (dactylus medius). 

Digitus tertius pedis, Lat. — HUlux, Str. Dur., 331, 1, 125. — Mid- 
dle toe, Ow., 63, 2, 309 (medius),— Third toe, Ow., 63, 2, 553. — 
Third digit^ Ow., 63, 2, 308 (medius), — Main toe, Ow., 63, 2, 309. 
— TrUos, Wild., 67, fere, 

Tertius, tertii, tertii, tertiorum, tertial. 

QuARTUS, (dactylus a quinto proximus). 

Digitus quartus pedis, Lat. — Hollux, Str. Dur., 331, 1, 125. — 
Outer toe, (with Birds^ Ow., 63, 2, 83, (quintus). — Fourth toe, Ow., 
63, 2, 30%.— Fourth digit, Ow., 63, 2, 30^.— Tetratos, Wild., 67, fere, 

Quartus, quarti, quarti, quartorum, quartal. 
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QuiNToa (daclylus^bnlariay. 

Digitm gidntus peda, La,t.—ffiilluJ:, Str. Dur., 331, 1, 125. — 
Fifth digit, Ow., 63, 2, 309, {ndmnuis).—Fifih loe, Ow., 63, 2,309— 
Lilik toe, vulgo.—Ovler iQe,Wynx.. 55, 271.— Pemptos,WM.,e7, fire. 
Qaiatos. qainti, qointi, quintorum, quintal. 

There remain ibr eonsideradoa the terms used to designate the 
following intemodia; in the arrnus, the carpus, the metacarpia, and 
the pialanges-f in the stelos, the tarsuj, the nKtalargug, and the pha- 
langes \ also the nodi which separate Oitia and which are called carpo- 
metacarpal, metacarpo-phaiangeal (or knuckle) and inter-phalange a1 
articulations of the annua, and tarso -metatarsal, metatarao-phalan- 
geal and inter-phalARgeal articulations of the skelos; there are obvi- 
ous objectioiu to all thene terms, chieflj' on the score of length, and 
the shorter terms of Hippotowj' (cannon-bone, great and little pas- 
tern, andcoffin-bonc, etc.), arenotavailablefbrour purpose. lam not 
prepared to suggest the technical terms which are needed, excepting 
in the case of the phalanges or distal and dactylic internodes. 
These are variously termed proximal, middle and distal, or first, sec- 
ond and third (proiimai phalanx of the index, etc.), but all these 
terms are objectionable as to length, and the latter in that they do 
nM indicate whether jfrsi is counted from the proximal or the distal 
extremity of the digit or dactyl. I would therefore suggest that the 
terminal phalanx of ,i digit or dactyl be called a (alpha), the middle 
one, |) (beta), and the proximal,/ (gamma); ^e corresponding meta- 
carpal bone may be called delta (^)-' For the present, however, 
the abuve nomenclature should be employed imlij lohen there are three 
phalanges in the digit or dactyl; for when the number is less, we are 
not yet sure which is the missing one;' and when there are more, 
as with Cetacea, the homoli^us phala,nges are undetermined. 

To show what a reduction of labor and space ia gained together 
with the greater definiteness, iustead of saying that the Extensor 
indicia (of man) is inserted into the third phalanx of the fore-finger, 
we may now say that it is inserted into "" indicia." 

There seems to Ije an ideal, if not a real, difference between the 
abgve mentioned segments of the manus and p,:a and those three pri- 
mary segments which have been generally recognized ; the same may be 
said of the articulations between these segmttnts. And although upon 
strict anatomical grounds we must designate them also as "intemodia" 
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and ^*iiodi," yet for morphologicjQ pur poi ei y we may indiratp Aor 
natare af subdiTiiiions of primary segmeDta by calling tfaem **pB Ci do- 

intemwlia" and "pjieudo-nodi.*** 

III. NOME>'CLATURE OF IDEAS. 

During the early part of the present centur}- all kiii«]8 and degrea 
of relationship between organisms and parts of organisins, were ea- 
presserl by the single term Analogy, or by phrases which were eren 
mora indefinite; Swainson used the expression **immediate and re- 
mote analogy," ^ but the distinction between these two rehitiona was 
not at that time fully recognized even by the authors who hare since 
done so much toward making it clear; * since 1846, however, these re- 
lationships have l)een generally admitted to be of two kinds, homology, 
or affinity, or internal or structural resemblance and analogy or external 
or functional resemblance. * 

These two kinds of organic relationship have seemed to be the re- 
sult of the operation of laws or principles, which, whether regarded 
as of material or divine origin, may be not irreverently called the two 
great commandments of Nature; the first is variously termed, the 
principle oi adherence to plan, type, pattern, or idea', the second is called 
adaptation to ends, to special uses, to final causes, etc. ', and by degrees 
the second has come to be Included under the single term Teleology; 
the first under the less appropriate term Morphology; so that, speak- 
ing in the most general way, organisms which are morphologiccdly or, 
for short, morphically similar, are homologous, and those which are 
teleologically or telicaUy similar, are analogous. 

But it is evident that each of these general terms includes several 
special kinds and degrees of relationship, and that these cannot all be 
e(iually manifested in the same organs, or attributes of organs; we 
should therefore endeavor to ascertain the respective criteria by which 
these degrees of relationship may be recognized. In short there re- 
mains to be done for Comparative Anatomy the kind of work which 
Agassiz has begun for Zoology; and we must aim to discover the 
morphic or taxonomic values of organs and systems of organs, 

1 A distinction between morphological and teleological joints was proposed by- 
mo in 46, 28, with respect to the radio-ulnar articulation ; and this lias been accepted 
by Coues, 70, 870. 

* Cuvior ; Anat. Comp. ; t. vii, p. 164. 

' Agassiz; Proc. Zool. Soc, 1884, p. 120; Owen; P. 1, s. 1880, p. 28; 1888, pp. 12, 
109; 146, 146; 1842, pp. 86, note, and 148. 

« Strickland, 848, Owen, 20, Agassiz, 326. 
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wliefiier central or peripheral ; of orgoDiams which are low or high, 
ancient or recent, imniaturo or adult; and of their varioua attributea, 
sach Bn relative position, mode of development, chemical composi- 
tion , size, form and color. 

The following diagram (p, 179) is an attempt to indicate in concise 
form the work that has to be done in order to reduce our present con- 
flised notions of zoological and anatomical relationsliip to something 
like a logical coiirdi nation ; it is essentially similar to one which was 
presented three yean ago, 5S, Lect. 1, and I have not attempted to in- 
corporate in it the new and valuable ideas of Lankester, 2£i7, and 
Mivart, 27S. I am not now ready to state my grounds of differ- 
ence from Bome of their views; and will merely express my gratifica- 
tion at this sign of the recognition of what is to be done, by the new 
and vigorous school of English anatomy. 

For analogy aud the categories thereof, see Agassiz, !01, chap. 3, 
aoct. IX, SOS, and the chapter on Morphology and Nomenclature, 200, 
3, chap. 2, seet. iv. I shall confine myself to the discussion of homol- 
ogies. 

Plural oh Relative Homolooy. 

This is the relation between corresponding parts of different indi- 
viduals; Geoffroy proposed to retain the term "analogie" forthis 
relation and to employ "hoinologie" only for what is here named sin- 
gle or absolute homology; but the two terms were used indiscrimin- 
ately until 1846, when Owen, 20, 1J6, proposed the name. "special 
homology" for this relation, and "serial homology" for the other. Of 
course the eorreapondence between the zoological criteria of Agassiz, 
201, 261 and 272, and the anatomical criteria, is proYiaional until the 
relative value of these criteria themselves is flilly ascertained; but it 
appears to me that some good may fallow their simultaneous 
presentation up(m a diagram, even if it lead merely to a more 
general admission of the principle of Bubordination of characters. 

I also venture to suggest that since the three higher groups are 
based upon inlemal structnral features and the three lower groups 
upon exlental features, and since botli plan of stmdure and relative 
position of organs, which are branch characters, and outline as deter- 
mined by structure, and relative size of organs, which are family 
characters, are all alike displayed upon a transverse (vertico-lateral) 
section of the whole body, we may hereafter be able to say how the 
other two sections, (latero-longal and ■vertico-longal) correspond with 
the criteria of the class and genua, the order and species, respectively 
Some other questions in this oonnection will be discussed hereafter. 
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&KQi:B OR Absolute or Tropic ai. IIohology. 

Although the detailed compariaon of the membra with each other 
was first made by Vicq d'Azjr, yet the germ of tropical homology 
existed in all recogoitioos of the correspon denize of the right and left 
aides of the body; many and vague terms were employed (parallel' 
ism, analogy, homoli^, corre.ipondence, repetition) which did not 
imply a iliiTerence between single and j^ural homolc^, or between 
the (iifierent kinds of the former. I hope hereafter to show that the 
same methods of compariaon and argument are as applicable to ain^e 
as to plural homology; and that cephaliMjandal repetition is compar- 
able to dextro-sinistral repetition. 

Sphericai. Homology. 

RadialHy, Ag., (Eem. on) 29i, 27$.— Radiation, Ag., 201, 392.— 
Radial carangernent, Bol., 294, cxliii, cltl — Radial synemelry, Hux., 
251,46. — Radiate lymmelry, Ag., 202, 33. — Radial homology, Miy., 
278, lid.— Spherical homohgi/, WUd., 68, I>ect, 1. 

Definition. The tropical relation between the morphically iden- 
tical, converging spheromerea of a radiate animal. 

Remark. The above definition is t-hiefly based upon the presenta- 
tion of the subject by Agassi)! especially in 300, 3, pp. 7S, 260, 361, 
etc.; but there remains much to be done toward clearing up the confu- 
sion in which the whole subject now rests. In the first place two 
distinct ideas are included in the above list of terms; radiaUty is a 
general name for an abstract idea involving the plan of structure of a 
branch of the animal kingdom; Agassiz admits, 200, S, 209, 210, 
211, that upon this essential plan of radialily may bo superinduced 
an apparent bilateral symmetry, but that he does not rcgnrd this as 
constituting a true bilater^ty is show^ by his contrasting the Radi- 
ates with bilateral animals, 200, 3, 260.' 

But the very existence of such a radiate idea, is questioned by 
Morae, 281, 1G3, Clark, 211, 128, Huxley, 251, 47, and Bolleston, 
294, cxLiu, who hold that the bilateral symmetry which is quite 
prominent in thclarvie of cchinwlerms is equally, if not more character- 
istic of the branch; some join the echinoderms with the worms, Rolles- 
ton, 294, 152, note; indeed so vridely do they differ irom Agasaiz 
in respect to the classification of the invertebrates, that anything like 

I AlBO b; bis »iDnrlcs la tlio Iteport of Ibe Tnislnes of the Uub. of Cotnp. Zool. 



a comprointae upon a ground between the two extremea Beetns quite 
impoasible. 

I do Hot pretend to offer an opinion here, but hnve not yet seen 
reason for denying the existence of the radiate idea, and would refer 
to *5, 14, for suggeationB as to a diatinction between the morphical 
term * 'radiality" and the telieal term, "radiation." 

Agassii evidently includes within the abstract idea of radiality, the 
existence of a real homoli^y between the several spheromeres ; but it 
is not dear whether the term "radiate" or "radial syrametrj-" meana 
that each spheromerc is symmetrical in itself as is believed by Pittard, 
293, S.'iO, or with its immediate neighbor, or " an ti tropically," as int' 
plied by Agaaaiz, 200, 3, 260; in short, when any two contiguous 
spheromerea are compared, do the inner and outer surfaces correspond 
ti^ther, as with two eyes, or does the inner surface of one corre- 
spond with the outer surface cf the other, as with two successive 
thoracic ribs? is the homology antitropical or syntropical or only 
general? 

Syt-tropt. 
Serial homologij, Ow., 20, 176; 83, 1, xm.— i'ymmeiry, Ow., 
Zool. Soc., 1831, p. 67.— HomoCoff'j, Gerv^a, (?).—Vnreverged s 
repetilion, Pitt., 293,815. — Homotypy,Ovi., 63,2,361. — Irrdati^ 
repetxlion, Ow., 83, 1, %ni. — Reihenfolge oder Naehfolge, Pagens,, 54, 
162.— Senai fipmaelry, Miv., 27 7, 292.— Sen'o/ actinology, Miv., 278, 
120. — Homoplastic serial homology, Miv., 278, 119. — Homogtnelic se- 
rial hoTOoIogi/, Miv., 276, \l9. — Similar parallel repetilion, Cones, 7i£ 
149.1 

Syntropy, syntrope, ayntropous, syntropic or syntropical. ' 
Definition. The morphotropic relation between parts upon 
same side of a structural plane. 
Example. See Mekea/ntropy, Platesyntropy and Hypseayntr 
Mbkesynteopt or Syntropt (,"',>^ot, length, and syntropy}. 
Irrelative or Begetative repetilion, Ow., 20, 176, (1846), 63, xn; 
{IS66).— Unreversed seriid repetition, Pitt., 298, 845, (1850).- 
komtAogy, Ow., 63, 1, xii (1868). — Lnngiaerial homology. Wild., 
Lect. 1, 1867. — Homogenetic serial homology, Miv., 278, 119 (1870}./ 



' WlCb ftw eioepttQM, tlie BrnonymH tbr the 
logloal order. 
^The other ternunu; be BlEnilu-ljluBectfid. 
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Depwition. The sjntropical relation between ports upon tlic 
same aide of the vertico-lateral plane. 

ExASiPi.E, Two thoracic ribs or vertebrs. 

Remark. Since this is tlie kind of synlropy which is most appar- 
ent and most commonly treated of, it may be allowable to use the 
shorter terra syntropy for the longer one when no misunderstanding 



Plates VNTiiOpy (rrlil-iot, breadth). 

Actinalogy (lerial, correlaled, etc.), Mi¥., 378, 118 Latkerinl ho- 

midogy, Wild., 58, Lent. 1. 

Definition. The morphotropical relation between parts upon the 
same side of the vertico-longal plane. 

Examples. Brachium and cubitum; two right maxillary teeth ; 
two dermal scuta, of right side of armadillo. 



Hi-Pi 



{yifit, height). 



VeTliseriai homology. Wild., 58, Lect. 1. 

(Other synonyms will be included under Pseudantitropy). 

Definition, The syntropical relation between parts upon one 
Bide of the longo-lateral plane, whith, in vertebrutee at least, I am in- 
clined to believe should not bisect the body of a single individual into 
a dorsal and a ventral region.but should pafs between two individuah 
of opposite 3exes. 

Examples. A rib and it^cartilage; two muscular bundles of the 
same muscular segment (myocorama, Owen; myotome. Goods i). 

Bemaiik. Probably no objection exists to giving the name pro- 
posed to the relation between a rib and its uartilage; for both lie ven- 
trad of the vertebral axis; but so general is the impression thai the 
vertfibrate body presents a "dorso-venlral symmetry" (lUacl., 23, 671 ; 
Pittard, 293, 851; Wyman, 65, 253; Spencer, 299, 2, 186; Coues, 
TO, 150), that it is not easy to show that this relation between oi^ans 
lying upon oppoiiU sides of the vertebral axis is really one of syn- 
tropy rather than of antitropy: yet I am convinced that this "sym- 
metry" whi(:h is so striking in some fishes, is one of appeararice 
chiefly and affects the external form only; certain it is that nothing 



like a real homology hiw otbt been shown to exist between the inter- 
nal organE of the dorsal and vt?ntral regions; and the development 

of the ovum results in a, difTerentiation of dorsal from ventral, whieh is 
not Buggcstive of any such homologous relation as is eo apparent be- 
tween right and left, or between cephalie and cereal, regions. 

This important question will be hereafter indieated as one of the 
problems to be solved. At present, I will onlj- si 
that the complete vertebrate animal con- 
sists of two indioidaats of different sex es 
placed face to face;' there then results 
a true antitropical bomology in all three 
directions corresponding with the three 
diaueters of a sohd; a Ititeral honiolo):y or 
•■platetropy" between t^o right and left 
halves of this compound individual, a Ion- 
gal homology or "mefcetropy" between its 
cephalic and cereal regions, and a vortical 
homolt^y or "hypsetropy" between lie 
dorsal regions of the two individuals and 
between the ventral regions in like man- 
ner, aa in fig. 2. Such a homology of 
three directions might be exemplified in pig. 3. 

a perfect double monster by "anterior dujilicity," doseribed and J 
%ured as "Ziimphage" by SL Hilaire, 2.15, PI. xiv, fig. 3. * 

PsEnDANTlTHOPY. 

Polar relation of bact and belli/, Oken, 285, Par, 30.13, (1810)., 
Doreo-eenlral igmmelri/, Macl, 22, G67, {lBi9). — Antertt-poster 
symmetry, Pitt., 293, 851, (1850).— TBryo/i/y (in partj, Ag., (Bein. o 
298, 279, (1861),— Dima-ventral polarity, Dana, 218, 351, (!883).-3 
Verticaliti/ (in part), Wild., 45, U, (1865).— Ajwfariij, Clark, 211, 
265, (1865) — Vertipolar homology (in part), Wild., 68, Lecfc u'l 
(1887) — Verlicrd homology, Miv., 278, 120, (1870).— Dorso-aMomiM^l 

' Prior suggestlnns of thlildtBaw contained in Far,, MBfi of 286: but li 
thore »re few morphological Heat of tho preeeat day, gerrai of whioh cun 
fouodinihecjitraordiiiaiTworkhereoiledi andaltliuughltls lujIaltogstbOTsa 
ftclorj 10 fliid one's most valued ouoceptlons tlins ambiguoualy antlclpatBd, 
worker In homology ahonld try to IcsiPn Uken's jnslRime, or hold »ns other tt 
theopinionwhlohoneof hfagreatffii pnpiis baa gijei 
AgMsiz, aoo, aodajl. clup. HI, Sect. v. 

•This would IM a Oceplialua tetntbrachias telrap„ 
Fisher, asS.Bl. 




tj/mmetrg, Cones, TO, IfiO, (1870). — Svpero-infmor tymmetry, CoiiH, 
70, 160, (\%1Q.)— CorreUUed serial seamdary actinology, Mv,, 278, 
120, (1870).— Vertical symmetry, Miy., 279, 165, (1871). — Intrinsic 
bilateral sjinmefry (of membra), FoTs., 40, (?),' (1864). — Antitropy, 
(?) (with Radiates), Ag„ 200, 3, 260. 

Dbfisition. The apparently antitropic relation between parts 
which are felicaUy opposed to each other, but lie upon tJie same side 
of a struutura] plane. 

Examples. OS vertical pseudarditropytih^dtxmX and hiemal arcbos 
and tho dorsal and anal fins; of Con^tvdinal paeudantitropy, corre- 
sponding maxillary and mandibular teeth ; the anterior and posteror 
ends of the sternum in man/ quadrupeds; the prearma! and poslr 
armal borderfl of nianua (as a! Chelydra .^eipenlina, Flow., 71, 258); 
ol lateral pseudaiUilropy,i\ie inner and outer canthi of the eye ; the 
opposite sideE of an apparently bilateral radiato, (Ag., 200, 3, wood- 
cuts 88-Dl). 

Remark. The question involved here has been indicated under 
hj-paesyntropy and spherical homology. No doubt it will appear to 
many that it ia a question of words rather than of facts; but until I 
am convinced that ideas are not eu^bodicd in material forma, I shall 
aim to at least show what confusion we are now in respecting the 
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e of both the ideas and the forma. 



Ilomologie symnielrique, Faltx, 38,61, (18G3). — Symindne, Fiour., 
228, /n-e, (184i).— Du;*i«*p, Ok.. 286, Par. 78, (1810).— PofariO/, 
Ok., 28a, Par. 7S,{lSiO).—AnfUropy(_7), Schimpcr andBrann, (?).— 
Symmetry, Ok., 286, Par. 2096, (1810).— iHeepec line symmetry, Archi- 
tecture,^ A nitlropic relation, (?), Ag,, 200, 3, 260, (1860). — Lateral- 
ity, Ag., (Rem. on), 298, 279, (ISSiy,— Anatomical symmetry, Fols., 
10 (?), (1864).— Anft'fjrpj, Wild., 45, 15, (1865).— Poior homology, 
Wild., 45, 14, {1805).~ Opposition Oder SpiegelwOde, Pagens., 54, 
1S2, (1867).— Po/ar antitypy. Cones, 70, 373, (l»Ti).— Reversed 
repetition,^ Coues, 70, 152, (1870). — General antagonism, ib., 193, — 
Antitypical correlation, ib., 252.— ifeperftice homologi/, ib., 398.— Oppo- 
site reversed repetition, ih., 149. — Symmetrical repeiilii3n,ih., 149. — True 
symmetrical antagonism, lb., 149. 

' Here, a> generolL; elsewhere, when an interrogatlaii point aluidB tor the Dtmi- 
ber ttf the page, It is twcaatte I have only muiuBcrlpt copicB at the papers relbn^d 

' These are rather HeSaitioai tbui real syson^ms. 



TfejTKrTiON, The luorphotropic relation between parts upon oppo- 
site sides of structural planes. 

Example. See hi/pselri^iy, mekelrapy aiad plaletropn. 

No better evidence of the nuedforannifonuandaimple terminology 
of ideas could be aaked, than is given by the above synonojoj; but it 
will be observed that the third ami fourth terms mean Botnetbing more 
than the rest; it is difficult to say just whiit Oken meant by duplicily 
HDd indeed many of the great phyiiiaphilosopher's expressions are be- 
yond strict logical interpretation, although it is evident that he in- 
wardly perceived much more than he was able to express in definite 
terms; his FhyBlophilosophy "was written in a kind of inspiration," , 
(as he admits in the fretstLU to tbu English translation), and iiapira- 
tion is only suggestive in scienee, never conclusive; bis term ^o2ari(j( 
too is osed in many different senses, and Wymau has well said, 55, 
257,. that "it does not appear precisely what he meant by the word 

At any rate polarity (and perhaps duplicity^ is the name for a. 
general law of organization which is analogous to the physical polar 
force, Wyman, 55, 254; the results of its undisturbed action would be 
an absolute symmetry; the one is a cause, the other the effect of its 
aclioni and all the other terras given in our list arc synonyms of 
Bymmetry, and not of polarity; 1 do not propose a name for the force 
for it is not yet understood; but I would ui^ that symmetry is in- 
^giUe as a technical term on account of its common use in seTeral 
other senses; of all the other terns antitropy seeuis to express most 
clearly the idea we wish to convey, a respective symmetry of atruct- 
we and not necessai^y of external Ibrm; for this latter is early 
and most estenaveiy modified by the teiical antagonist of our hypo- 
thetical "polar force," the so-called "vital foree." See Wymau, 55, 
253. 

But while antitropy seems best adapted for our purpose, it is not 
quite clear that those who have already employed It have meant to 
convey the precise idea which we have under consideration; I have 
not been able tp obtain the works of Schimper and Braun, but I judge 
that they used antitropy to designate any antagonistic relation bo- j 
tween parts of the plant embryo, and between opposite leaves opon 
the stem, although 1 am not sure that they always included an idea of 
real homology in this antagonism of position; Agassiz has used the I 
term antitropy to express tie relation between spberomeres upon oppo- 
site sides of a radiate, 200, 3, 2S0; and here, of course, the general 1 
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lioroolog7 <* perfect, but as he diflcriminntes between the radiates 
and the biloteral animals of the other branches, it would seem better 
to call this relation of oppoaite splieromereB, flimply si/minelry, or per- 
haps pseudantilmpy, and to conSne antitropj to the three higher 
braaehea; for otherwise, we should have to deTise another and differ- 
ent term for the relation in them; laterality does not seem quite svut- 
' able, because, as used by Agassiz, (Hem. on 2TS, 279), "It relates to 
the disposition of organs upon any two sides of the body, without 
reference to symmetry " ; and it is not evident that (he idea of real 
homolt^y is included in this laterality. 

Platetropt. 

Sipnmetrie, Fr. — Symmelrie, Ger. — Stpnmetria, Lat. — Symmelrg, (in 
part). Most authors. — Reapeclive syTianeiry, Architefltnre. — Laleml 
tymmetry. Ok,, 285, Par. 2114, (1810). — Bilateral symmetry, Ag., 
(Rem. on) 298, (1861). — Homologie symetriqtie laterals, Folta, 39, 
51, (1863).— Sifaieroiifj, Clark, 211, 265, (1865).— iotiispy, Wild., 
45, 14, (18S5).— fliffAt and lejl symmetry. Wy., 55, 254, (1S67).— 
Latipolar Tiomology. Wild., 58, Lect, 1, (1867). — Lateral hmaolngy, 
Miv., 278, 119, (l%70).-^Lateritypy, Cones, 70, 161, (1870).— Trans- 
eerse symmetrical repetUian, Coues, 70, 150, (1870),^ — Transverse 
polar antagonism, Couea, 70, 150, I^ISTO).— LatUropy, Wild., 74, 
/ere. (1871) 

Defisitioit. The antitropjcnl relation between parts upon oppo- 
site BiJes of the longo-verttcal plane. 

Example. The relation between the right and left ear, nostrii or 
kidney. 

Bbmark. This kind of symmetry is so evident with the majority 
of vertebrates and articulates, and with many moUusks and appar- 
ently with, some radiates, that it is generally recognized and even 
thought to be absolute in some cases. But the perfect symmetry of 
crystals is never realiiied, according to high authorities, and Wy- 
man, 55, 247, says "it may be doubted whether absolute symme- 
try exists anywhere." In 312, I have given instances of deviations 
from symmetry from many groups of animals, and have thus tried to 
bridge over from one siJe the gulf -which is generally supposed to 
wholly separate lateral symmetry (platetropy) from longal symqietry 
(meketropy) ; the corresponding work fl'om the other side will consbt 
in the presentation of evidence of tha close homology which, in many 
eaaes, exists between parts at the two ends of the body; sod the first 
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step toward this is to recognize that morphically^ as shown npcm the 
diagram, these two regions are to each other, as are the ri^t and 

left sides. 

Hypsetbopy. 

Sexual homology, Wild., 58, Lect. 1. — Dual homology^ "Wild., 58,. 
Lect. 1. 

Definition. The antitropical relation between parts of the two 
sexes, when facing each other. 

Example. The male and female manmiary glands; sterna, etc. 

Remark. This kind of homology often but not necessarily in-* 
eludes the idea of inserted development; the difference between it 
and the apparent dorso-abdominal homology within a single individual 
has been already indicated, [p. 183]. 

Meketropy. 

Symmetry in lengthy Ok., 285, 2114. — Anterior and posterior symme- 
try, Wy., 35, 317. — Fore and hind symmetry, Wy., 49, 176. — Antero- 
posterior symmetry, Wy., 55, 277. — Fore and aft polarity, Dana, 218, 
851. — Antero-posterior polarity, Dana, 218, 351. — CephcUity, (?), Ag., 
(Hem. on), 298. — Longitudinal hovnohgy, Wild., 45, 14. — Longitypy, 
Wild., 45, 15. — Anterior and posterior repetition. Wild., 45, 17. — 
Longitudinal polarity, Wild., 50, 194. — Longitudinal symmetry, Coues, 
70, 149. — Longitudinal antitypy, Coues, 70, 151. — Symmetry at oppo- 
site ends, Ogilvie, 283, 156. — Longitropy, Wild., 74, fere, — Symmetry 
of superior and inferior regions, Gerdy, 9, (?). — Homologie symm^t- 
rique du meme cdte, Foltz, 39, 420. — Hcmotypy (implied in homotype)^ 
Wy., bb,fere. 

Definition. The morphotropical relation between parts upon 
opposite sides of a vertical lateral plane. 

Example. The cephalic and caudal regions of an embryo; the 
armus and skelos; a double-ended ferry-boat offers a familiar example 
of meketropy. 

Remark. Vague suggestions of a polar or symmetrical relation 
between the anterior and posterior regions of the vertebrate body are 
contained in the writings of Oken. **The idea underlying his 
statement that the two ends of the body do repeat each other, is we 
believe, correct;'* Wyman, 55, 257. Duges (Traite de Phys. Comp. 



2, 304), geeniB to have noted the antagonistic relation of t^e ancon 
and genu and Humphrey, 36, 14, admitted a, functional antagouiam 
of (he proximal parta of the membra; Gerdy, 9, (?), had already 
taken an artistic view of the symmetrical relation of llie two ends of 
the body which he called "superior" and "inferior," which, like 
Humphrey, he traced in the proximal parts of the membra. AgMsiz 
prohahly includud under the term cephality an idea of Uomology, but 
it is not dtetinctly expressed by him or by Dana; and tlio idea of a 
symmetrical homoli^j between parts at the two poles of a longitudi- 
nal axis has been evolTed into somctiung like tlearness by Wyman 
and his pupils. All the ailments In favor of the generic term anti- 
tropy, apply with even greater foi'ce to the specific term meketropy, 
for otherwise a compound term would he required. 



The familiar fact that with most Mnmninlia the pollical and primal 
phalanges are only two in number, while the other digits and dactyls 
poBsesB three, forms the chief difficulty with those who are asked to 
consider pollex the meketrope of quintuB and primua that of minimus; 
and it forms the only difficulty with those who have already recog- 
nised the fallacy of the abjections generally urged upon the ground 
of the size, and natural atlitude of the parts; evidendy then, the 
removal of this difticulty is of the utmost importance. 

Here, as generally throughout this paper, the fiicta and conclusions 
will be given with reference to the Mammalia; partly because that 
class has afforded me the most material, but chiefly i>ecauBe the 
three grand difficulties already mentioned are especially manifest in 
the higher vertebrates; and I am convinced that they never would 
have prevented our recognition of meketropy in the membra, had we 
been lizards or turtles instead of primates. 

It cannot be denied ihat some eigniScance must attach to numer- 
ical composition of organs ; since, anide from the symbolic character 
which many believe them to possess, the very constancy of numbers 
is a reniarkable foct in Natural Hialory. But for the general rule 
that the mammolian cervijt consists of seven vertebra), it is prob- 
able that no eSbrt would be made (as by Thomas Bell, Trans. Zool. 
Soc., vol. i)to show that Bradypua truJaelijlus has but seven, instead of 
nine, aa believed by Turner and Owen; and there would be nothing 
strange in the fact that CJiolcepus Hoffmanai has but six cervical verte- 
tme; on the other hand, the value of this as even a generic character 
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seems to be destroyed by the fact, that another species of the same 
genus (C didactylus) hiis the usual number. 

Again, it is stated by Mosely and Lankester, that the mole is the 
only placental mammal with eight intermaxillary teeth; and the ex- 
ception is equally inexplicable with those of the vertebrsB, since that, 
animal shows comparatively little more affinity with the marsupials, 
than the sloth shows to the birds. 

Again, it is stated by Argyll (204. 223) that the number of tail 
and wing feathers is constant throughout the Trochilidas, although 
430 species are already known. 

Finally, the constancy in the number of mammalian digits is so ab- 
solute, that not only do we exclude from the category all '* sixth fin-: 
gers and toes," but we give no heed to the ossicle which projects from 
the ulnar border of the carpus in Chelone (63, 1, 173) and in many 
Cetacea (63, 2, 427), and call it ^'pbiform," although it looks as much 
like a digital metacarpal as some which are generally accepted as 
such; and, indeed, so convinced are we that five is the maximum 
normal number of these parts, that we hardly wonder to find that the 
required expansion of the manus with the mole and the Yapock opos- 
sum is gained, not by the addition of a sixth digit, but by the exces- 
sive development of a carpal ossicle. 

We must admit, therefore, that numerical composition means 
somethings perhaps more in some cases than in others; how much it 
means is difficult to determine; probably, however, not as much as 
relative normal position. 

The following citations from authors are sufficient to show the 
present obscurity of this subject. 

^^The examination of the skeleton (of fishes) has led to the conclu^ 
sion that the number of vertebrsB is another character of great im*- 
portance for the distinction of families ; but whether it has any bearing 
of still greater import, cannot be exactly determined at present." i 

Owen says, (63, 1, 42), "The number of trunk vertebras is usefid 
as a specific character in Icthyology.** 

Agassiz writes as follows (200, 4, 64), respecting the zoological im- 
portance of this attribute with radiates; ** I would remind the reader 
of the little value which numerical differences undoubtedly have in 
this question, notwithstanding the constancy of the number of parts 
in most of the radiates ; for though the number five is the typical 
number among echinoderms, there ' are crinoids and starfishes and 
even echinoids, with four and six spheromeres, and others with 

1 Gunther; Cat. of Aoanth. Fishes, 1861, Prefaoe, 



an imusnallj- liirge number; ami tliough the number fonr and its 
multiplea arc Cbe typical numbers of acnlepbs, we Gnil those which 
have five or aix spheromerea and other numerical combinations. We 
need not thereforo hcaitate to compare an Aurelia ■nitb a quadripHi^ 
tile and an Echinarachinus with a quinquepartite arrangement of 
parts;" again, (200, 4, 379) "as aoan as we can free ourselves from 
the belief that histoli^ical eomplicaUon and structimtl difTerentiation 
are positive tests ol' homol^^cal relationshipa, luid as soon as we al- 
lot* full weight to embryological evidence, the close uffiuities of tho 
echinodermg and the other classes of radiates becomes self-evident." 

Spencer uses the following very su^esljve language, which I ac- 
cept as true, omitting his conclusion as to the caute of the superin- 
duced E^^nentation, (299, 2, 110) ; ''The parts composing the 
supposed archetypal vcrtebrte" (of Owen) "are constant neither in 
their number nor in their relative" (natural) "position, nor in their 
modes of ossification, nor in tlie separateness of their several individ- 
naltties vrhen present; .... everything goes to show that the 
segmental composition which characterizes the apparatus of external 
relation in most vertebrates Is functionally determined or adaptive." 

Finally, Thomas Bell remarks, "the laws which regulate the nu- 
merical variations in the different systems of oi^ans in an animal, 
are perhaps less defined or at least less undorstood than those which 
relate to many other conditions of their exiatenco." ' 

Coming now to our special point, we may enumerate the morphical 
relations of the digits as follows, taking the medius lor an example, 
since there has never been a doubt respecting its homology wilh ter- 
lius, and both these are present in every known manus. 

1 . Its special or plural homology' with the medius of other Mam- 
malia. (Fig. 2, A-B) 

3. its single, serial and longal liomoli^ or mckesyntropy, with i(a 
fellow-digits of the aanie manus. (C-D). 

3. Its single and vertical homology, kt/pselropi/ with the niediusof 
an individual of the opposite sex. (E-F). 

1. Its single and lateral homolagy, ptalelropy with the medius of 
the opposite aide. (G-II). 

6. Its single and longal homology, mukelTopy, with the middle 
dactyl, tertius. (G-J). 

Now although all these five relations ore between a single digit 
and another digit or dactyl, yet the relations of the several regions 
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or surfaces of the digits compared are quite distinct^ as shown hj the 
fignre. In plural homology and in mekesyntropj, the premembral sur- 
face of the one corresponds to that of the other, the dorsal sor&ce of 
the one to that of the other as if hoth occupied the same place, or 
were merely superposed, as with geometrical comparisons of similar 

figures; but with the three 
antitropical homologies, 
corresponding parts look 
in opposite directioiis; so 
that with platetropy, the 
right and left digits are 
as if placed base to base, 
or tip to tip, with hypse- 
tropy as if placed back to 
back or palm to palm, 
and with meketropy as if 
placed side by side; but 
the two contiguout snr- 
£Eices then correspond. In 
case the normal poshioo 
of the membra should be 
determined to be other 
than it is here assomed 
to be, a corresponding 
change would be 
with the sur£M:es 
pared together; fer in- 
stance, if the digits were 
made to point backward 
and the dactyls forward, 
their bases and tips would 
be related meketiopical- 
ly instead of platetropi- 
cally, while their c^posite 
sides would be related 





Fig. 3. 



platetropically instead of meketropically ; and although this would 
be a matter of little conser|uence as regards a single and simple part 
like a digit, yet when we haye to compare rach parts as tarsus and 
carpus, and muscular organs, misunderstanding can be avoided <Mily 
by regarding the membra as always in the same normal position. 
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'Shm iinee tkne five rrlitiiwt above deicribed, kovever tibe^ aar 
^ier wnag llifiiihi n as to tke partiHilir regioBs of two parts 
i^idi are eoa^iared together, are all rrlitiiwt of tpBiofsfy, it msK^ 
pvobaUj be taken fer gianted that wiiatever criteria aie acccfi t ed fer 
one load of bosalogf, are eqaaDf applicable to tbe rest; eaceptiag^ 
of eoorae, die t ro p ical iHationn trhieb depend opon die position of 
die paiti wilb lefeientc to die axis of dK bodj. If tbis is granted, 
then, we are entitled to eaplogr the ai^ginnents nsed in deriding any 
one of die reladonB npon nHddi there is now no dufmte, in 



For inntance, die terdos of a seal is detennined to be die phoal 
homologae of die middle dactjl of a ibinoeeras, not fioai its siae 
or fondioii, bat fiom its relative position in the pes; the terdns of 
nan is held to be die B^etrope of die medios, fro^ dirir similar rel- 
ative position, aldfeoo^ the one is a short dac^le, and die odier is 
die kx^est digit; again, die primus of ma^ls held to be hoBMilo- 
goos widi the ^imos of a bat, ahhon^ di^ diffier not onlj in siae 
and fimctioD, bot in dieir apparent reladve position, since the hnman 
primos is on the inner border of the pes, and diat of the bat becomes 
the^oofcer toe^dirooghdiecoiiqileteeversionof dieskelos; we here 
see diat relative nonnal position is of snperior moiphical value to 
size, fbnction, and natural atdtode; finallj, the homology between 
the hnman primos and that of an orang has never been questioned^ 
aldioag^ the latter oftra^ if not general^, consists of but a su^e 
phalanx; ^|ie homc^qgy between the minimus of an ordinaiy mM»iM>^ 
and that of a bat has never been denied, althoo^ the huter larelj. 
If ever, coosistB of the usual number of phalanges; no one has even 
doubted the oitirehoaKrfogjof the Siwe digits of many tortoises, (Ow., 
63, 1, p. 173) with those of the Mammalia, as is shown by the use of 
the same names (poQex, etc^) yet none of the fiinner have more than 
two phalanges; a like discrqwncy exists with die bi^; and, i( as I 
am willing to admit, it is better to confine the conqMurisons to the 
Mammalia, an even more striking case is c^ered by many C^acea, 
where the digits are enumerated fiom one to five, (or styled poUex, 
etc^) and where the subdivisions of die digits are invariably called 
phalanges, altlioa^ in some cases, as in die ronnd'^headed dolphin, 
{Giobiocephalw melas)^ the medius may possess eight and die index 
twdve of them, and altfaoogh the fofrm, fiinction, and attitude of the 
entire manus be unlike that of man. 

It appears therefore, that in the determination of all kinds of ho« 

6 
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Diolf^ieB, the relative normal position has been found to be of greatn 
morpblcul value than size, than function, than natural attitude, s 
finally tban even numerical composition; and yet, when we ask an 
omista to consider the other evidences of ineketropy, which are |>r4-^ 
■ented by tho developmant and struuture of the body, and show tl 
even the adult membra olTur no difficulties In their proximal 
portions, and that iu the embr}-o, no difference oi size or segiuBD- 
tatioti exists In the manus and pes, they bold to the syntropical coib- 
parison, partly because of its antiquity and general acceptation; 
partly because of the similarity of poUex and primus in that mor- 
phological anomaly, the human body; partly because in the uatU' 
ral attitude of the manus with quadrupeds, the pollcx becomes the 
inner digit like the primus; but chieQy because with many Mam- 
malia poUex and primus differ in numerical composition from the 
other digits and dacCyb : and this in spite of the fact that lor the 
determination of every other case of homolt^', all thest considera- 
tions have been set jSide in iUvor of the single character, relative \ 
normal position. 

Id reference to this queation, some other ihcts and arguments 1 
ihould be considered. 

1. That with most members of the group called FeriseodactyU,^ 
(Ow., 62, 2, ^83; PI., 71,3,) inn! udiug the existing genera Rhinoscero^fl 
Hyrax, Tapirus, and Equus, and many extinct genera, the pollex and H 
minimus, the primus and quintus are wanting,^ so that, were the prob- 
lem to be decided for them alone, no objection would arise respeeting 
these outer digits and dactyls; and the ai^nment that such a qnestian 
cannot be decided upon evidence drawn from a single group, applies 
with equal force to the consideration i^ the Mammaha alone out of 
all the vertebrate branch; and, as has been already stated, the ol^cw- 
tion derived &om the numerical composidon of certain digits and 
dactyls, would never have arisdn among the members of the lowae J 
classes of vertelvates. I 

2. That it is not yet determined whctber the so-called polHcal4 
metacarpal (-^ pdlicis) and primal metatarsal (-^ primi) should not be ' 
regarded rather as proximal phalanges of the pollex and pcimus, as 
Oken (284, Far. 2362) and Maclise (23, G63) are inclined to beBeve; 
this view is not obviously iocoDsistent with the observadons of Thom- 
son and Humphrey (305) upon the mode of ossification of th^e part 
and Flower admits (7], auS) that the ijueadon is not decided. 

'Tapinu retains the oilninuisuid H^rax the minimus and a rDdimenUry | 
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3. That in a few cases, the human poUex has consisted of three 
phalanges, and so resembled the other digits and the quintus; such a 
case figured by Annandale,^ who adds that he has met with others; 
Dubois describes a case' which i^ referred to by Fort'; and in the 
Cabinet of the Boston Society .for Medical Improvement, is a plaster 
cast of another case which came under the observation of Dr. B. E. 
Cotting, and was described hyk Dr. J. B. S. Jackson.* Dr. Fort men- 
tions other instances of an unusual increase or decrease in the num- 
ber of digital phalanges. ^ 

4. That all the digits and dactyls may possess less than three 
phalanges, as in Chrysochloris, while in Cetacea all of them may pos- 
sess more than that number. 

5. That in many Mammalia the number of minimal and quintal 
phalanges is less than three; which removes, so far as those species 
are concerned, the objection to homologizing minimus and quintus 
with primus and pollex ; the following list giVes the species, the num- 
ber of phalanges, and the authority for the statement; no reference 
is made to the many species in which the minimus and quintus are 
wholly wanting, or represented only by a metacarpal or metatarsal. 
The Cetecea are enumerated in ,a separate table, since their distal 
phalanges generally vary from the usual number with Mammalia. 

POLLEX. 

Ateleg lorO Fl., 71, 258. 

ColoboB 1 ** a 

Elephas 1 Hum., 86, 6. 

IITDEX. 

Perodicticus 2 Fl., 71, 268. 

Arctooebus, 2 Miv., 276, 326. 

Cheiroptera (generally) 2 Fl., 71,262. 

Chrysochloris 2 Miv., Journ. of Anat. and Phys. 

2,183. 

MSDirrs. 

Chrysochloris ,2 Miv., Journ. of Anat. and Phys., 

2 133 
Pteropinae 2 FL, 71, 262. 

ANNULARIS. 

Cheiroptera, (generally). . . . 2 . FL, 71, 262. 

^Malformation of fingers and toes; p. 29; pi. ii, fig. 19. 

* Archives de Medicin, Apr., 1826. 
sDilTormit^ des doigts, p. 69, 1869. 

* Catalogue of Museum of Med. Imp. Soc, p. 871. 



Cheiroptera (geaenlly)!. 

CSiryMwhloro 

StiynebocyoD 

Hyr&i dorwUa. ' . . . 
Peilodonta (Dagyvu) Bexclnotiii 
H^atbemm Ameno«niira. 
MyrmeeophanjubaU. . 



Fl.,Vl,3Be. 

Ow., SB, 2,406; Fl., 71, 3TT. 
Ow., 68,2, 413. 
Ow.. tX, i, UQ. 
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The foregoing tables are suggestive of aomo other considerationa 
bearing more or less directly upon intermembral homolo^cs. 

1. From the nature of the parts, especially in Cetacea, and also 
from the admiBsionB of some obaerrerB, it is not always easy to ascer- 
tain the nnmber of digital phalanges ; it appears also, that the possi- 
ble morphical value of such inforiastion has not always be«n recog- 
nised by observers, by reason of the alight telical importance of the 
indindual phalanges; but on the otter hand, some have been so ac- 
curate as to note a dlfiercnce in the numerical compoaitiou of the , 
same digit upon the two sides of the body : (as with the Globioceph- 
aliu described by Reinhardt). 

9, The distinctions between metacarpals and phalanges, in respect 
to length and mobility, which exist with the higher Mammalia, do not 
appear with the Celacea; with Glcb. swinfual, according to Macallis- 
ter, (P. Z. S., 1867, p. 431), the exact " number of phalanges could 
not be reckoned," and the only synoviiil capsule was at the omos; 
and in describing the armus of Baiisria myslicetus, Esclmcht and 
Beinhardt state that the minimus " is in direct contact with the 
ulna,'' . . . and they are led to suppose that " not only the car- 
pns and digits, but also the bones of the forearm have all been 
formed in the beginning from one continuous cartilage, and that, at 
all events, we cannot here expect fixed or quite immutable relations 
between individual bones." (Bay Soc. Mem., p. t3k.^ 

3. While there seems to be no objection to ailmitting the special 
homology of the cetacean digits with those of other Mammalia, there 
appears to be no way of determining the special homology of indiviJ- 
nal phalanges even within the Cetacea themselves; for, allowing a 
margin for inaccuracies of observation and statement, there is never- 
theless a considerable discrepancy in this respect between members 
not only of the tame order and fjimily, but also of the same genui 
^D«lpAinwi, for instance) and species (Pkysalits amiqiiorum). 

4. The taxonomJc value of the numerical composition of the 
digits must be regarded as very low with the Cetacea; it may be said 
that this conclusion would not necessarily apply to the other Mamma^ 
lia, but it would not be easy to prove this, since they are members of 
(ine ai^d the same class; the Oetacea do not present exactly the case 
pf the Cheiroptera, because tl^e usual number, three, is never ex- 
ceeded in this group, and although it is not now cert^n which of 
the phalanges is missing, yet there appears to be no reason why thig 

I flatter may not aofefi ^J^i tw ^etui^edi bi^t I see Tip, ^ay o/ ^^rtwq-. 



46 



ing the special homology between the twelve indical phalanges of 
GlobiocephcUtu meku and the three of an ordinary miMnmaJ. 

5. It might be thought that such lack of special homology be- 
tween the cetacean digits and that of other Mammalia, indicated the 
propriety of regarding the former as forming a sabclass; but this at 
once brings up another consideration. 

NUMBEB OF YBBTBBBiB. 

The number of vertebrae (excepting the cervical), differs greatly 
among the ordinary Mammalia, as is stated in all works upon com- 
parative anatomy; from various authorities, chiefly Owen, 63, 2, and 
Flower, 71,1 have prepared a table showing the number of cervical, 
thoracic, lumbar, sacral and caudal vertebrae of many species of 
Mammalia, (105 species representing 91 genera) J the cervical 
vertebrae are seven in all excepting in Manatuis (6) and Cholcepus 
Hoffmanni (6) and Bradypus tridactylus (9) ; but there is evidently 
room for different interpretations of the facts in these cases. 

The same is the case with the enumeration of the sacral and cau- 
dal vertebrae, but the variations in their number are so great and so 
generally recognized that a tabular statement is not required in this 
connection. I wish here, however, to ask whether the immense 
elongation of the tail in many species is primordial or secondary; 
and if the latter, whether the increase is by gradual development of 
new segments or by the increase in size of some which are formed 
all together at the front; upon the answer to this question, might be 
based a discrimination between the segments which immediately 
succeed the sacrum, and have the structure of vertebrae, and those 
more simple cylinders of bone which have no claim to the title of 
vertebra beyond their serial relation to the former. 

In any case, the numerical variation of a peripheral part like the 
tail, would not have a greater morphical significance than that of the 
phalanges. 

But with the so-called trunk vertehrce the case is very different; 
they are the central portion of the skeleton, whether from side to side, 
from back to belly, from head to tail; and there is no obvious reason 
why their number should not be constant, or at least as much so as 
that of the cervical vertebrae, since the degrees of mobility required 
of the latter in different species, are far more numerous and decided 
than appear to be required from the trunk; yet no such constancy 
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exists, eren with species of the same family and geons, as is shown 
by the following table of the thoracic and lumbar vertebne. Hie 
conflictiDg statements of different anthoriUes may be du« to a diff«r- 
ent interpTetalion of facts, but I am quit*: prepared \o suppose that in 
some cases, really individnal differences existed between the speci- 
mens 6xanuned' 
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1. The different groapB are seen to be unlike as re^^ards the con- 
stancj of the rertebnl fixmola; the adherence to 20. among the Cm^ 
niTora (with bat two ezoeptions so fiir as I know) b as startling as is 
the adherence to 7 with the cerrical Tertebne; the nomber 19 is 
eqaallr characteristic of the Artiodactyla; while in striking contrast 
to these two groups are the Perissodactrla and the Insectironu which 
oertainlj do not differ widelj enough in their habits from the Artio- 
dactjfia and CamiTora, to giTe a cine to the reason for these discrep- 
ancies. 

2. Althoo^ in most cases, the species of a genus differ onlv br 
the greater or less dcTelopment of the rib-process, so that the total 
number of thoradco-lumbar Tertebrae is the same, yet in some cases, 
(Equus, OtoUcnus, Loris, Sorex), this number varies bj a single Terte- 
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bra; it appears, also, that even individuals of the same species may 
vary in this manner, (Phoca groenlandicd) ; and this recalls a sug- 
gestion already made by me (45, 15), which ought to be considered, 
although, at present, its importance may seem rather ideal than real; 
'4t does not seem possible that the head and pelvis can be as strictly 
homologous in animals having a different number of vertebrae as in 
those with the same number; in other words, the heads br the pelves 
of two animals may be cephalic or pelvic modifications of vertebrce^ 
without being, such modifications of the same identical vertebrae." 
Even if we exclude the skull from the category of vertebrae, the diffi- 
culty is not removed ; for if the atlas of Hyrax is homologous with 
that of Elephas, then the sacrum of Elephas is the homologue of the 
twenty-fourth vertebra and its successors, with Hyrax ; or if we also 
assume that the sacra of the two are homologous, we must homologize 
29 vertebrae in the one with 22 in the other; and, practically at least, 
this seems to be our only course. 

I trust that the foregoing considerations will aid in removing the 
stumbling block of numbers, from the path of those who would other- 
wise accept the meketropy of poUex and primus. To my own mind 
they were hardly needed, so decided was the conviction formed in 
1866, and expressed in 51, 52 and 57, that no difference in the num- 
bers of phalanges ought to affect our recognition of a profound mor- 
phological law affecting the membra. 

Note. Dr. Cones has kindly placed at my disposal the MS. of some un- 
published investigations bearing upon this subject, which so nearly accord 
with my own views, that I add them here. April, 1872. 

Susceptibility of variation in numerical composition he believes to be, o, in di- 
rect ratio of number of parts composing an organ, and by in inverse ratio of mor- 
phical differentiation and telical specialization of the parts of an organ ; and 
that, consequently, the value of numerical composition as a morphological or 
taxonomic datum can be estimated with reasonable confidence of at least ap- 
proximate accuracy. Value is inversely as variability. 

" It is notorious," he continues, "that an organ (whether central or periph- 
eral — whether indispensable to the integrity of an animal, or merely a useful 
adjunct to its economy) composed of a few parts, does not exhibit the same per- 
centage of variation in the number of these parts, as the same or a similar organ 
does when it is composed of many parts. For instance, the normcU variation in 
the bones of the coccyx of Primates is at a minimum, if it be not, indeed, nil ; 
whilst the ordinary individual variation in the coccyx of a longicaudate mam- 
mal, such as the Jacvlus hudsoniwy for example, amounts to four or five coccy- 
geal vertebrae. Tbe few dermal scutes of armadillos are sufficiently constant in 
number to afford specific characters, while the essentially similar but numerous 
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dermal scales npon the belly of a serpent may vary widely in nxmiber in differ- 
ent individoals of the same species. The rays of a small, sharply-outlined dor- 
sal fin of a fish have no such variation in number as those composing a fin that 
extends the greater part of the length of the animal. The very numerous teeth 
ot a serpent cannot be rendered with the certitude that attaches to the dental 
fonnula of a few-toothed mammal. In the lower families of birds possessing 
more than twelve rectrices, the number is fallacious even as a specific char$u:- 
ter, since it varies one or two pairs, at least, in different individuals of the same 
species, whereas in birds with eight, ten, or twelve rectrices these numbers mark 
whole familes, and the slightest variation is properly regarded as an anomialy. 
The few digital phalanges of birds are so constant (much more constant than 
their vertebrae) that deviation from the ordinary number becomes a character 
marking families. 

" But it is unnecessary to dwell upon this obvious point, the more so since it is 
simply one part of the main proposition, that variation is greatest in organs 
composed of the most similar parts— parts that are essentially either morphi- 
cally or telically repetitive, and conversely, that the variation in numerical com- 
position is least in the structures made up of n\pre perfectly differentiated or 
specialized parts. Any structure the essence of which admits of what is called 
* vegetative repetition,' is susceptible of enlargement or curtailment by the de- 
velopment of more or fewer segments or moieties, and variability is a necessary 
result of such plasticity of organization. The examples adduced may be here 
cited again in illustration. Most of the caudal vertebrae of a long-tailed mam- 
mal are precisely similar in form and function — positive duplicates of each 
other, and in such a mammal as the house-rat, the coccygeal formula can only 
be given approximately, while the still more numerous dermal annuli of the 
tail, though corresponding in a general way with tho bones themselves, must be 
enumerated simply in round numbers. The vertebrae of a serpent, essentially 
similar throughout the long series, represent no such fixed number as those of a 
mammal where they are differentiated in several groups, each with its own char- 
acter. And even surveying organs composed of few parts, we find striking dif- 
ferences in variability. The presence, in an animal possessing five digits, of a 
supernumerary one, is in frequency out of any calculable proportion to the ap- 
pearance of two functional digits in an animal that, like the horse, has normally 
but one — perhaps the improbability of the latter is on a par with that of the ap- 
pearance of ten digits in a man. I am not informed as to the individual varia- 
bility in the number of phalanges of cetaceans, and probably too few of these 
animals have been dissected for correct estimation, but there is every reason to 
suppose that the liability to variation here is as much greater than it is an or- 
dinary mammal, as«the increase in the number of phalanges. 

" The abrupt and marked increase in the number of phalanges of cetaceans 
as compared with ordinary mammals, and the imperfect discrimination of pha- 
langes, metacarpals and carpals in these mammals, seem to be explicable upon 
the same principles that account for the great number, small size and mutual 
resemblance of the vertebrae of prehensile tailed mammals, and those that use a 
long fiexible tail as a balance. There is the same teledogy in either case — it is 
the production of perfect pliability ; and in both, the increase seems to be sim* 
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ply B matter of repetition. It is probably as impossible to homologize individ- 
ual bones of a cetacean manus with those of an ordinary mammal, as it is to 
homologize the immense number of caudal vertebrae of the genus Mus, for in- 
stance, with the few of a neighboring genus, Arvicola. In all such cases as 
these, where variability is at a maximum, the importance of numerical composi- 
tion, either as a taxonomic or as a morphical character, is obviously at a mini- 
mum. If the Cetacea agreed with ordinary mammals in other respects, the 
composition of the manus would afford no better grounds for these wide separa- 
tion than the number of caudal vertebrsB in certain other families. 

" If we take the other extreme, of a solidungulate animal, we find such strong 
differentiation of the osseous elements of the manus, that every single one of the 
few bones has its own shape and size, and each of the distal segments, at least, 
performs a perceptibly distinct function ; even a sesamoid is elevated, function- 
ally, almost to the rank of a phalanx. Here the variability is virtually nil ; if 
it occur at all, it would be entirely abnormal ; and the slightest normal differ- 
ence in numerical composition, either in number of digits or of their phalanges, 
has a generic, if not a higher,^value. 

** The value of numerical composition of the pollex and primus as a mor- 
phological character, has been estimated by different anatomists at its two possi- 
ble extremes — some considering it an insuperable objection to the antitropic 
homology of pollex with quintus, and others finding it little or no obstacle to 
such a view. Two considerations have had great weight with me, in reducing 
my estimate of its value so low, that it presents itself as no valid objection, 
when taken in connection with the strong evidence derived from other sources. 
In the first place, the question can only arise in respect to five-fingered mam- 
mals, a part, at least, of the digits of which have three phalanges each ; and 
since here we have the maximum known number of digits, and the next to the 
maximum known number of phalanges (Cetacea alone having more) the suscep- 
tibility of variation in numerical composition is nearly at a maximum, accord- 
ing to the principles already laid down, and hence the value of numerical com- 
position is nearly at a minimum so far as the manus is concerned. 

" Secondly, it is certain that pollex and primus are telically correspondent 
(analogous), and no less so that the modification each has undergone in its com- 
position is simply telical. Both have been strongly differentiated from the other 
digits in the same way, and for the same purpose. It is presumed that no anat- 
omist questions the homology of the whole manus of a bird, a reptile and a 
mammal ; yet the homology cannot be pushed to the individual osseous ele- 
ments without recognition of vastly more difference in numerical composition 
than we are called upon to admit in the present case of pollex and quintus, and 
hence without tacit depreciation of the morphical import of mere number. The 
manus and the pes of a bird cannot be homologized with each other, according 
to any one of the current modes of comparison, without greater allowance still 
for telical modification in the matter of numerical composition. For myself, if 
I attempt to recognize any homology between the manus of a man, for exaraple« 
and that of certain chelonians and of a cetacean, beyond a homology of the ' 
members in their aggregate, I must consider that a medius digit, for example, 
with three phalanges, corresponds to one with several more than three, and be- 
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liere in telical suppression of a phalanx in one case, and a similar redundancy 
of phalanges in the other case. If I undertake to compare the manus of a hird 
with its pes, either antitropically or otherwise, I must admit with every single 
digit a difference in the numerical composition of its homologue. Until our 
movphological insight has penetrated far enough for the solution of such prob- 
lems 88 these, it seems perfectly reasonable to maintain that the objections on 
the score of numerical composition that have been urged against the antitropic 
homology of pollex with quintus, and of minimus with primus, apply with 
manifold force to a majority of the homologies that anatomists consider de- 
termined.** 

y. GENERAL PROBLEMS. 

The radical difference of opinion respecting the morphical rela- 
' tions of membra which the historical sketch exhibits between such 

Syntropists as Owen, for instance, and such Antitropists as Wyman, 
is not to be accounted for by any assumption of difference in their 
knowledge of facts or their intellectual power, but rather, as it 
seems to me, by a recognition of the dissimilarity of the premises 
which they have admitted, and the methods of reasoning which they 
have followed : in the one case, the human body has been chiefly em- 
ployed in making the comparison, and attention has been early di- 
verted to the correspondence of the pollex with the primus in respect 
to size, numerical compositioh and relative position, when the manus 
is in its natural attitude of pronation, as with many quadrupeds. In 
the other case, more attention has been given to the telical antago- 
nism of the ancon and genu with many animals, and to the relative 
position of the membra during the early stages of development. 

In more general terms, the idea of Syntropy is based upon the ob- 
vious resemblance in respect to size^ numerical composition and naiural 
aUitude of certain highly specialized parts of peripheral organs belong- 
/ ing to animals of high zoological rank, and in the advlt condition ; 

while the idea of Antitropy is based upon the antagonism of relative 
position of proximal and less specialized parts with animals lower in 
rank or at earlier stages of development.^ 

Now, without doubt, the question under discussion is primarily one 
o^ structure rather than o^ function', it is a morphological and not a te- 
leological problem. Before it can be solved, it is evident that we must 
first ascertain which are correct of the two groups of premises above 

1 These ideas were advanced by me in part in 45, 21, and more distinctly in 67, 
(Proi>s. 9 and 10). 
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mentioned ; and our present inquiry is, therefore, what are the rela- 
tive morphical valines of different attributes, different organs, differ- 
ent systems, different species and stages of development ? 

To fully discuss this question would require many volumes, and I 
can only attempt at this time to present the conclusions to which I 
have been led by the material now at my command, and, perhaps, to 
indicate more definitely than has been done heretofore, the matters 
which demand especial investigation. For it is clear that some of 
us upon both sides have been arguing upon false or insufficient prem- 
ises, and that we have taken some steps upon the " high priori road," 
which we shall have to retrace in order to reach the truth ; still, I 
must claim that, as a rule, the Syntropists have, in spite of their num- 
bers, fallen into the more serious errors, and have disagreed so decid- 
edly among themselves, as to suggest upon that ground alone that 
their general view was incorrect ; the Antitropists, on the contrary, 
have at least kept a great idea always before them, although they 
may have been too eager and confident, and been led astray by un 
founded fancies. 

Morphical Value8 of Characters. 

Admitting then, as an abstract definition, ,that morphical value is 
the usefulness of any character in the determination of morphical re- 
lations, we have still to ascertain the relative morphical value of the 
various characters already mentioned. So far as I know, the phrase 
"morphological value" was first employed by Huxley, in 1858 (260, 
381); "morphological importance" was used by Cleland in 1860 
(215, 306), and the former phrase several times by Traquair, in 
1865.' 

In 1867, Wyman suggests that the osseous system is more reliable 
in the^ determination of intermembral homologies than the other sys- 
tems (55,277)^ and a like- comparison is made by Flower (66,239) in 
1870 ; my own convictions of the need of some determination of 
morphical values, were reached independently, and were expressed 
in 1866 and 1867 (57 and 58) ; but, although I am convinced that 
an approximate estimate of the comparative value of the characters 
already mentioned might be reached by analogies, and by a careful 
study of the history of the question, yet there appears to be a more 
satisfactory method of accomplishing the same end ; namely, by as- 
certaining: the value which these characters have for the determina- 

1 On the Asymmetry of the Fleuronectidae Trans. Linn. Soc., 1866. 
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tion of the other kind of morphical relations, plural homologies, npon 
which zoological classification is based; since, although few have 
spoken of the two halves of a single individual as if they were two 
distinct individuals and comparable in like manner, yet it is not 
probable that' any one will object to such a view of the case, and 
such a method of comparison. 

May we then conclude that morphical value is essentially equiva- 
ent to taxonomic or zoological or classificatory value, and that the 
only difference is that the former is used when two parts of the same 
individual are compared, while the latter is used when two different 
individuals are compared, with a view to ascertain their zoologica 
relationship ; if so, then morphical value is value in respect to single 
homologies, taxonomic value is value in respect to plural homologies ; 
and since both are morphical relations, it seems probable that the 
same attributes, organs, systems, species and stages of development 
which have been found available in the one, should be given a like 
absolute and relative importance in the other class of morphical 
questions. 

This conclusion seems warranted by the language of high author- 
ities,^ who either use morphological as if equivalent to taxonomic 
value, or imply that morphical relations, near and remote, are the 
true test of zoological affinity. 

Assmning then provisionally, and until decided objection is raised 
by others, that morphical value and taxonomic value are correlative, 
we are now justified in considering the zoological criteria, which have 
been admitted, in order to ascertain the relative morphical value of 
the characters already mentioned ; but here, unfortunately, we meet 
with a most unsatisfactory difference of opinion. 

For instance, we find the same high authority making two incom- 
patible generalizations, as follows : << The generative organs, being 
those which are most remotely related to the habits and food of the 
animal, I have always regarded as affording very clear indications of 
its true affinities ; we are least likely in the modifications of these 
organs, to mistake a merely adaptive for an essential character.'* 
Owen (on the Dugong, Proc. Zool. Soc., vol. i, p. 40.) " Teeth are 
always most intimately related to the food and habits of the animal 
and are therefore important guides in the classification of animals. " 
(63, 1, 361). 

I Agassiz (201, fere), Huxley (251, 2 and 100), Gill, American Naturalist, vol. iv, 
F)roo. Am. Asf . Adv. Soc, 1870, and BollQston (294, zxu). 



Df. J. E. Gray "obBerved that in his opinion internal characters 
were of little uae in Zoology; (Proc. Zool. Soc, Apr. U, 1867, 
and Journ. of Anat. and Pbya., 2, S71); while Parker admits 
the value of external characters, but says the mind will not rest in 
these outward things, and tlmt the skeleton, nervoua system, diges- 
tive, respiratory and vocal organs are very important.' Testimony 
to the zoological value of tlie skeletoii is given by Agassi^,* but 
Owen speaks again as follows : " Guided by the seldom failing law 
that distinctiYe characters are most strongly developed in the periph- 
eral porHouB of the body," etc.,' and further believes that the "form 
and disposition of the scales of the legs of birds have afforded dis- 
tinctive characters to the zoolt^st " (G3, 2, 232). 

Further reference to the opmions of various authors, respecting 
the taxonomic valne of different system* of organs is given by RoUe- 
Bton (294, XXI, note), and the matter is briefly discussed by H. 
Allen*. 

It ia quite probable that in practice all the above authora have 
been more definite tluiu their language would imply, and that they 
have more or less perfectly discriminated between the value of an or- 
gan for one kind of group, and that which it might have fur another ; 
lliis is done by Wyman ' when he says that the " teeth of mammals 
aSbrd the suresi indication of zoological affinities," because he 
means that for the determination of groups wit/tin Ae clam the teeth 
have a high morphical value. Flower qiiesfiong this fact,' but admits 
the principle, as had Turoisr before him,' by attaching morphical 
value to characters of the base of the skull within the order, Car- 



Giinther likewise discriminates within the order, when he says," 
" under these circumstances, I still feel satisfied to distribute the 
fishes on the basis of Miiller's ordinal arrangement into minor natural 
groups, whether called families, groups or genera ; and in my opin - 
ion, there is no character equal in importance to that of the si 
and position of the fins ; as they are in immediate connection w 
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the entire habit of fif«heis and with their mode of life, they best indi^ 
cate their natural affinities, and indeed prove to be the most eonstant 
and general characters." 

As to generic criteria, Miiller and Henle enumerate ^ the charac- 
ters found by them most useful amon<^ Selachians; and Parker is 
explicit respecting the unimportance of certain characters, for the 
determination of groups more comprehensive than genera.^ 

Specific characters of the Pycnogonida; are enumerated by H. D. 
S. Groodsir,' and those of the tortoises by Owen (62, 1, 162.) 

Finally, a great part of Agassiz*s later works (200 and 201), is de- 
voted to the effort to show not only that groups really exist in na- 
ture, but that they are based upon distinct '^ categories of structure." 
I quote the following also from my notes of his lectures on Selach- 
ians.^ ** Zoologists take very different criteria or different parts as 
foundation for the same kind of group, or the same criteria for dif- 
ferent kinds of groups, so that their results are very diverse. We 
must have some means of determining the value of characters" 

Accepting provisionally Agassiz's abstract enunciation of these cri- 
teria and their subordination as to value, as summed upon page 261 of 
201, and likewise considering the only direct application of these prin- 
ciples to a single group, the Tcstudinata and its subdivisions (200, 1, 
Part ii), I have endeavored to translate the zoological criteria into 
anatomical language, and in this way to at least indicate the means 
by which we may sometime be able to determine the exact morphi- 
cal yalue of any anatomical character. The conclusions which I 
reached are given in the diagram (page 28), and afterward briefly 
explained ; but I must here admit that I feel sure of being right upon 
only the following points : 

1. Tliat both plan of structure and form are displayed upon a 
vertico-lateral section of an animal.^ 

1 Ann. and Mag. of Nat. Uist., 1844, pp. 1 and 4. 
«Proc. Zool. Soc., 1863, p. 672. 

• Ann. of Nat. Uist., July, 1844, p. 1. 

* Given at the Museum of Comp. Zool., 1867 - 1868. 

> As between Vertebrata and Kadiata, or between either of these and the Mol- 
lusca and Articulata this is cU^ar enough ; but since the relative positions of di- 
gestive, nervous and circulatory systems seem nearly identical in the two latter 
branches, the respiratory and perhaps some other systems must be included in our 
representation of a vertico-lateral section. >^ ee Huxley's diagrams, 151, fig. 30. 
As to the view that Vertebrata and Mollusca may find connecting links in Amphi- 
oxus and the Ascidians (references to which are given in 336). I have not yet seen 
any comparison of the vertico-lateral sections of these animals, or any statement 
that they are identical. 

8 
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!. That pkn of structure depeodti npon the relative normal posi- 
tion of important oi^ns ; whilu furm depends upon the relative size of 
tlieHe and other urganH. If, thun, it is true tliat the branch is determined 
bj' the plan of structure, and the family by the form, it follows that rel- 
ative uze iB of less morphical value than relative normal position ; it' I 
seems probable, too, that the natural attitude of organs must be a 
lar within tlm same family, since the membra of a family have not-l 
only the same form, but the same mode of locomotion ; if this is true, \ 
then this character also is of leas morphiual value than normal posi- I 



3. I am also convinced that ecgmeutatiou, or numerical compoat- 
tien, is of less morphical value than either of the characters abovo 
named'? bM this has been already considered. 

In support of the gener^ conclusion which is expressed by the di' 
agram (page 28), that internal characters are more valuable in the 
determinadoo of the more comprehensive groups, while external 
characters are more valuable for the delJiruiination of lesser groups, 
which would ascribe to the former more, and to the latter less, mor- 
phical value, I can bring little direct evidence; but the following 
passage from an eminent conchalogist shows that the idea is not con- 
fined to myself; and I am inclined to believe tiiat it must have been 
in practice, at least, recognized to some extent by all who have 
sought to reach a natural classification. 

'' ill all attempts to characterize the groups of animals, we find 
that is advancing from the smaller to the larger combinationB, many 
of the most obvious external filatures become of less avail, and wa 
are compelled to seek for more constant and comprehensive signs in 
the phases of emhryunic development, and the eoudition of the cir- 
culatory, respiratory, and nervous systems." ' 

The above is in part confirmed by Agasaii's view that the genera of 
turtles are bused upon the voluntary organs of nutrition, the jaws and 
other muscles (300, 1, 422), and by Owen's view that the primary 
subdivisions of the mammalia are characterized by the condition of 
the bntin (63, 2, 270 '^), and further by the general acknowledgement 
that osCeological characters alone are often insufficient for the dis- 
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crimination of species within the same genus; although Owen once 
held a different opinion. (Trans. Zool. Soc., vol. ii., p. 379, 1838). 

But how can we reconcile the above generalization with the state- . 
mentof Dr. J. £. Gray,^ that with the Balsenidse and Balsenopteri- 
dflB, ** every bone of each genus is peculiar, though not alwa^-s easy to 
describe; likewise, almost every bone of each species, especially the 
ribs and phalanges, the skull, tympanic bones, scapula, and cervical 
vertebrsB**? Is it not probable that there are not only specific but in- 
dividual differences between two individuals in each and every part 
of the body, and in each and every possible attribute of these parts; 
but that these differences are more obvious in some parts than in 
others, so that certain parts and attributes are more available than 
others? and such a view is by no means incompatible with the result 
of our experience, and with the analysis of other matters which lead 
us to believe that for the determination of more important and com- 
prehensive questions, we must look to the central and essentir.1 p»,fts, 
while minor questions may be decided by observation of peripheral 
and less vital organs. For instance, a single vertebra would enable 
us to say whether its owner were a reptile, a bird, or a mammal; but 
it would far less distinctly exhibit the particular genus or species to 
which it belonged; on the other hand, the manus of the whales and 
of the Sirenia resemble each other, and even that of the penguin 
might not be at once recognizable as that of a different class ; but 
within the same order or family, the genus would be at once appa- 
rent from the special proportions of the parts . 

According to Gray, • the long spine which has been described as 
Myriosteon Higginsii, was thought by some to be the tail of a ray, but 
is probably part of a starfish ; certain pointed fossils are thought by 
Pander to be teeth of selachians, by Owen to be from the borders 
of the suckers of cuttlefish; the " ichyodorulites " have been regarded 
as spines of Crustacea by some authors, but as selachian spines 
by Agassiz ' ; from which the latter concludes that these parts are at 
any rate not available as either branch, class, ordinal, or perhaps 
£unily characters, but rather as generic ; the " bird-tracks " in the 
Red Sandstone of the Connecticut Valley, did not at once indicate 
whether the feet which made them belonged to birds or to reptiles ; 

iProc. Zool. Soc., 1864, p. 228. 
*Froc. Zool. Soe., 1864, p. 168. 
' Lectures on SeUchlans, Dec. 1867; (onpublished). 



now all the above exnmples are peripheral parts, and the like que 
tionB never would have Hri»'n -nith i^neh a part as a vertebra. 

Fataam [Aid. Nat., Jan. 18T2. p. 2S, note], mentions the slight a 
onomic value of air-bladder, head- scales, barbeJi, ventral fins a 
eyee, and AgassiK once figured fbasil Crustaceans [Euryp(erus n 
and Pleri/golua'], as fiahes on account of their external a^peEt. ' 

Packard" has recDgniied the unreliability of charactere dram 
from peripheral and inconstant organs, like the moiitb parts ant 
wings; and Owen himself seeins to recognize the principle, "J 
not aceording to appearances," in the following paragraph : ' 
prominent appearances which first catch tlie eye are deceptive; and 
the less obtrusive phenomena which reijuire Eearching out, laore IVe- 
quetitly, when their full aijinifi cation Li reasoned upon, guide us to 
the right comprehension of the whole." ' 

From the unpublished lectures on Selachians I again quote Agassizi 
" The Chuuene are generally separated from the other Selachians on 
account of a single branchial iissuro ; but as this is a variable charas- | 
ter, it should not set aside more internal characters." 

A zoological illustration of our propoeitjon U given in the grert>fl 
variety and discrepancy of the definitions of the vertebrate type; 
long as investigators regarded especially some one group with which 
they were more familiar, and so long as they included in their defi- 
nition of an abstract idea, the special structures which characterized 
those minor groups (see Agasaii!, 201, 2iS), so long they disagreed I 
among themselves, and failed to follow Nature; this is aeet 
diniculty which others have found in accepting Owen's archetypal 
skeleton as correct; for it is essentially a piscine skeleton, an^J 
although the great anatomist holds that fishes depart least trom th 
vertebrate archetype (63, 1, 102), such a generalization involvt 
reasoning in a circle, and has been adopted by few (as Maclise, 3i 
6 74-876). 

The Amphioxus is, without doubt, the simplest known vertebrateffl 
but it cannot be regarded as rke material manifeatatJon of the t 
brate idea, since its structure presents positive characters by whidi^ 



'MiorosaopifleHtlDnciF theloolli of CernCodiia tiaa conrincpd Ur. BIcknell IbM f 
it ia " nnaafp to fournJ genprs or evon Kppniea upon thp miproseopii'jil struotim 

Son. Nst. HlBt.. April 19Ili. 18T1. 
' Guide to the Study of Inaeota, p. 14. 
>Pa1ieoiitflloKT.p.35;, 
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it is not merely an exception to the generalizations applicable to all 
other fishes, but which seem to constitute it a distinct class, coequal 
with the Myzonts, Selachians, Ganoids, and Teleosts; still there 
can be no question that this simply organized vertebrate, pre- 
senting the fewest organs, and the simplest functions, really does 
come the nearest to being the realization of the ideal plan of struc- 
ture of the branch. Now the Amphioxus may be said to be the zoo- 
logical counterpart of the embryonic state of the higher vertebrates, 
and to hold within the branch a central position, surrounded by the 
more specialized organisms, as the central and constant organs of a 
single individual are encompassed by peripheral and variable ones. 

A still better illustration will be furnished by the very question 
now under consideration, in case it is decided in favor of antitropy ; 
a glance at the manus and pe« of most animals indicates a general 
correspondence between them ; but they alone would furnish no sure 
guide to the principle upon which they are to be compared in detail; 
at any rate, even if we are not right now, the total disagreement for 
a century is sufficient evidence of our proposition, and of the need of 
appealing to more central and reUable parts of the membra, and even 
to the trunk itself. 

From the foregoing considerations, there arises the suggestion that 
the morphical value of a part of an animal, is in an inverse ratio to 
its telical importance ; that reliability is inversely to variability ; and, 
that hence, in determining morphical relations, we should regard pri- 
marily, those parts which are constant in (>osition and function, and 
secondarily, those which are variable and inconstant, whether zoo- 
logically, physiologically or teratically. 

The variability of the two extremes of the vertebral column is re- 
marked by Owen, (63, 1, 94,) and Bell* connects peripheral variabil- 
ity with diversity of function in language the more suggestive, as 
coming from so ^^ untranscendental *' an anatomist. 

It is generally admitted that multiple organs, whether animal or 
vegetal, are liable to variation, and many authors have remarked the 
variability of the membra ; Owen refers to it in many places ^ ; T. 
Rymer Jones ' suggestively associates peripheral position with varia- 
bility in number and appearance ; and Pouchet * goes so far as to 

1 On the Hand; close of ohap. 2. 

>Tnui8. Zool. Soc., 1886, p. 863; 20, 838; 30, 269; 68, 2, 264. 

* Cyol. of Anat. and Phys., 8, SH and 843. 

« Plurality of raoei, p. 47. 
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acknowledge that the " law which causes the modifications of organ- 
isms, becomes more and more decided and clear from the centre to the 
periphery" I may here say that the convictions expressed in 68, 
(Props. 9 and 10) were formed independently of the authors above 
quoted. 

The results of a tabulation of cases of sexdigitism and hexadactyl- 
ism,i (as given in 313), have been confirmed by the addition of cases, 
gathered up to Jan. 1, 1870; at that date, of 242 individuals affected, 
152 were males and 90 females; and of the membra, 312 were armi 
and only 155 skelea ; this not only shows the extreme frequency of 
this malformation of peripheral parts belonging to the highest verte- 
brate animal, but also indicates that in this respect, the skelos is 
more constant and reliable than the armus, as it is also the membrum 
less often and less extensively modified for special purposes through- 
out the vertebrate type (313, 10) ; but in respect to the vascular 
system, particularly, Meckel believes the reverse is the case, (6, 
English edition, 2, 1 76) ; and upon this question more remains to be 
done. 

Another very important question is as yet undecided ; is the ho- 
mology of a muscle to be determined mainly by its place of origin, or 
its point of insertion ? The latter is the opinion of Mivart (46, 398) 
Rolleston (61, 620), (with some exceptions), and Humphrey (64, 
321). Coues states that the insertion is less fi:^quently changed than 
the origin (70, 223), and I know of no author who has taken the op- 
posite view^ ; T am not now prepared to do so, and would suggest that 
we ought first to discriminate between the " sliding up or down the 
same bone " referred to by Coues (70, 223), and the lateral transfer 
fi'am one bone to another, as of the tendon of insertion of the biceps 
hrachialis (Coues, 70, 299) ; the former transfer would generally be 
for the purpose of securing greater length of fibre, and extent of mo- 
tion, and would also occur more fi:^uently with the origin ; but the 
latter would affect the essential function of the muscle, and would 
perhaps warrant us in regarding a muscle so affected as wholly dis- 
tinct. 

^ Do cases ever occur of extra digits, or dactyls upon both borders of the manus 
or pes? 

3 Since this was' written, the graduation thesis of W. S. Barnard, "On the Mem- 
bra! Myology of the Orang" has been prepared in my laboratory, and the fkcts and 
ideas therein presented have nearly convinced me that the homology of muscles 
depends far more upon their origins than upon their insertion; the paper has been 
offered for publication to the Boston Society of Natural History. 
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MoKPHicAL Integers. 

Thw suggests a fiirther and very important enquiry. What is a 
morphical integer, whether in the muscular or osseous system, or 
among the digits and dactyls ? The phrase "morphological integer" is 
first used by Coues (70, 222), but the general problem has been con- 
sidered by Owen and others, with especial reference to the bones. 
The question of Spencer (299, 2, 526), " How are centres of ossifi- 
cation which have a homological meaning to be distinguished from 
those which have not ? " is not answered satisfactorily by Owen's ref- 
erence to a "knowledge of the archetype skeleton " (03, 1, xxiv), 
since the knowledge itself depends upon the prior determination of 
the question. I do not feel ready to discuss the question, but 
would call attention to its great importance, and to the need 
of such investigations as those of Parker; this author (292, 4) 
thinks that " true and safe landmarks " for the recognition of 
" morphological territories," may be found in segmentation both by 
fission of primary cartilage, and by the appearance of two or more 
separate centres of ossification within the same undivided tract " ; 
but it is evident that much more remains to be done, not only for the 
bones, but for the muscles, in order to ascertain the morphical inte- 
gers and equivalents in the osseous and muscular and other sys- 
tems. 

What Constitutes a Digit or a Dactyl? 

There do not appear to have arisen as yet any serious discrepan- 
cies between the statements of different authors respecting the num- 
ber of digits or dactyls which may exist in a given animal ; but since 
no one, so far as I know, has given a general rule by which to deter- 
mine the above question, and it is probable that at some time direct 
contradictions will appear in different works ^, it is worth our while to 
inquire into the elements which might form the basis of such a rule. 

Among the mammalia, the vast majority of those digits and 
dactyls about which no question can arise, consist of three phalanges, 
are visible to the eye as subdivisions of the distal extremity of the 
member, and perform some obvious function in the economy of the 
animal ; the ordinary mammalian digit or dactyl is then functional, 
visible, and trimerous. But to this definition are many exceptions. 

1 Liftding perhaps to as unfortunate complications as the conflicting accounts of 
the hippocamptu nUnor and the corpus caUosum. 



First: iu respect to the number o/phalangef, which may be incre 
to H (index of Globiocephalus) or, more commonly, reduced I 
(aa with all the digits of Pteropide and the poUices and prini 
most BpecieH), or to 1 (as with the primus of Simla); but all these 
dimerous or monomeroua digita and dactyls are visible and functional, 
and numerical composition alone is evidently ionulficient to deler- 
niine their right to be included with the rest. But there may be ui 
phalanges whatever, and merely the metacarpal or metatarsal bone JJ 
and the question mny Brit>e as to tbe propriety of Including that K 
the enumeration. 

Second: in respect to its external visibility. The pollei of Hyffii 
(es, 2, 30li), has a single minute phalanx, supported by i 
equally minute metacarpal; the Hyrux capensis oS'ers a similar 
structure ; these digits are oionomerous, uoncealed, and apparently 
functionless, and would not Im enumerated in a new species by o: 
who confined himself lo the external characters which are believed 
by many to serve for generic and specific distinotiona; yet, undoubt- 
edly, an anatomical description of tbe species would mention the ex- m 
, istence of five digits in Iwth these animals, in eontradiatinet 
new Tapirus, which presents only a rudimentary poUicaJ metacar- 1 
pal. Again, although the pollices might be concealed from .the sight, T 
they might be i^lt under the skin, and another and distinct elemenPH 
must be taken into account in framing our definition. 

Third; a digit or dactyle may be trimeroua and visible, and yet, I 
to all appearance, functionless or alelk; such are the "dew-clav 
of many Artiodactyla, and the slender index and annularis of Hippo- I 
rion (63, 2, 309, and 63, 3, 825); they are supposed to prevent s 
ing iobi soft soil, but there seeme no reaaon why tbe Camelidie sbould 
be wholly destitute of these organs, if this is their use with the typi- 
cal Ruminants ; such are also the pollices of the Canldx and Fehdfe 
which have little if any power of motion. 

The above are instances of what are generally called " rudimentary 
organs," to which so much attention has lately been directed, and 
respecting which such contradictory opinions are entertained; this is 
not the place for a discussion of the general subject, but the abovft 
remarks may indicate the special questions as to the definii 
digits and dactyls. 

HisTOLOoiCAi, Composition. 
The morphieal value of this attribute of organs is variously esti- 
mated by (lilferent authore; Agassix, in the second passage already 
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quoted, evidently thinks it is not of class value in the determin- 
ation of homologies among radiates ; Parker, 292, S, associates 
** histology " and ** function " in such a way as to indicate that he re- 
gards their morphical value as less than that of relative position. 
But it does not appear that due attention has been given to the 
problem suggested by the following considerations: 

It is certain that a tendon may ossify, as in the skelea of fowls 
and the so-called ^^ marsupial bones," so that what was at one time 
fibrous becomes osseous in structure ; the same, however, holds true 
of the membrane bones of the skull, and of course, no one questions 
the homology of a bone with its own pre-existing cartilage, or with 
that of another individual or part of the same indiviudal ; and upon 
this ground alone no objection arises to Owen's view of the meke- 
syntropic homology of the marsupial bones ^ (63, 2, 356); so, too, 
the capsule of the eye-ball is generally admitted to be homolo- 
gous throughout the vertebrate branch, although it is fibrous in 
man, gristly in the turtle, and bony in the tunny (Thynnus) (63, 
1, 26). But is it possible for a muscle to be the true homo- 
logue of a ligament ? as Duvernoy thinks of the human siibclavitis and 
the costo-coracoid ligament of the gorilla 2; and still more, can 
muscle correspond to bone ? as is assumed by Humphrey and Huxley 
of the clavicle and Pouparts' ligament (72, 77 and 78, 37). Coues 
alludes to a theory (apparently a notion of his own) that certain om- 
ozonic muscles may be antitropically represented in pelvico-sacral 
ligaments. It might be urged that since in a typical muscular organ, 
muscle and tendon are continuous parts, and since the belly of a given 
muscle may be of very different lengths in difierent species, they are 
in one sense homologous structures, but evidently there should be a 
better understanding among homologists respecting the morphical 
value of histological composition.' 

Mode of Development. 

Bespecting the morphical value of this attribute of organs and an- 
imals, the most widely diverse opinions have been held. Owen has 
constantly urged its slight importance in comparison with adult struc- 

1 As to the rudimentary fibro-cartilages of Thylacinus, see Owen, Froc. Zool. 
Soc, 1843, p. 148. 

» Archives du Museum, Tome viii ; referred to in 38, 367. "* 

3 Goodsir alludes to this question (297, 897), when he says, " Tisstie is svibordii^e 
to form," and Huxley mentions without comment, the extraordinary fact that the 
outer serous stratum, or epiblast, of the beginning embryo, gives rise to the two 
anatomical and physiological antipodes, epidermis and cerebrospinal nervous cen- 
tres (78, 10). 

9 



tare and relative powtion, and 1 quote & few passBges: " Tliere el 
iiitB, iloablJesB, a close general reaemblaiice in the mode of d 
ment of ' homolopjus parts; but this is subject to modification, like tl 
forma, proportions, fiinttiona, and very substance of such parts, w' 
out their essential homological relationships being thereby obliterated. 
These relatianships are mainly, if not wholly, determined by the rel- 
ative position and connection of the parts, and may exist independ- 
ently of form, proportion, substance, function, and similarity < 
development. But the connections mnst be sought for at eve 
period of development, and the changes of relative position, If ar 
during growth, must be compared with tbe connections which t 
part presents in the classes where vegetative repetition ia greatest 
and adaptive modification least " (20, 174). " So far is embryolo) 
from being a criterion of homology " (63, I, xxvi). " Embryolo; 
altbrJs no criterion between ossilie centres that hayc a homological, i 
and those that have a te1eologi«al significance " (63, 1, xxv). " No 
part is, however, absolutely autogenous throughout the vi!rt«briitc 
series, and some parts usually exogenous are autogenous in a few in- 
stances " (68, 1, 27). " The developmental phenomena of the head 
neither supersede nor can suppl}' the better evidences of homoli^y 
afibrded by relative position and connections, any more than do 
those of the foot ; . . . it is neither here nor elsewhere the cri- 
terion of homology " (63, 2, 3!1). Cleland says, "Morphologically,. 
it is of little importance whether cranial bones are developed in the 
primordial cartilage of the skull or around it " (215, 305). 

The general importance of embryology in the dettrmination of ho- | 
mologies has been urged by Goodsir and Huxley, and in 251 the latr i 
ter has well indicated iJie necessity of deciding the general question J 
befbre attempting to solve minor problems respecting the correspond-jl 
ence of the skull and the vertebral column. Agassiz has conatantlyfl 
presented the taxonomic value of embryology not only throughonftB 
hia later works, but ia tlie lectures on Comparative Embrj-nlogy 
Boston, 1849 ; and upon the ground of a difference of development J 
he in great measure bases his opinion that the Batrachians form a 
class distinct from the scaly reptiles ; but in discussing this, Danfc" 
asks ' " whether, in the determination of classes it is not the 
correct method to take note primarily of species in their finished ot 1 
adult statei and whether adult* do not express- the true nature and I 
idea of species, or the objects t» be classified, rather than the special 
' Am. Jonm. of Scl.. Mar. 186$. p. 1S4 
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series of chanoces throufjrh which the adult characteristics are 
reached." 

On the other hand, Owen based his own nomenclature of the 
mammalian molar and premolar teeth upon the facts of development ; 
but Flower (227^, and Moseley and Lankester (282) have pointed 
out defects in this system, and the latter even hold that "the existence 
of any homolo«^ at all between upper and lower jaw teeth must be 
denied ; it could only have a theoretical existence in connection with 
that view of the structure of the vertebrate skull, which placed the 
upper and lower jaws as homologous parts of a vertebra" (282, 272). 

Now all this has no apparent reference to intermembral homolo- 
gies, but it must nevertheless be considered before any conclusion 
can be reached satisfactory to all; are, or are we not, justified in 
comparing the membra together in that condition in respect to both 
position and structure, which they present when first forming in the 
embryo? if not, then the utter disagreement between Syntropists 
and Antitropists will forever remain ; but if we are, then the former 
must simply eliminate from their train of argument, all such criteria 
as numerical composition, size, shape and function ; and both must 
wholly disregard the telical parallelism or antagonism which exists 
between the corresponding parts of the membra of some animals, and 
must endeavor to ascertain first the general laws of or<;anization 
according to which the trunk is formed.^ 

VI. SPECIAL PROBLEMS. 

Since it is probable that the telical antagonism of the membra with 
some mammals must be eliminated from the discussion of their mor- 
phical relations ; and since the latest views upon the subject are based 
upon the primitive condition and position of the membra in the 
embryo; and since they then do not indicate either syntropy or anti- 
tropy, but are capable of interpretation upon either hypothesis ; and 
since, finally, their adult condition points toward syntropy rather than 
antitropy, so that the majority of anatomists are inclined to regard that 
as their true and morphical relation ; it is evident that we must not 
merely remove the obvious objections to our way of thinking, but 
must produce some positive evidence in its favor. 

This evidence consists in the establishment of the following proposi- 
tion^. 



1. The cephalic and caudal regions^ of the body ai 
with ench other as are the right and left sideti. 

3. The.armuB and skelos are appendages of the cephahc and Ci 
regions respectively. 

Whence it Ibllows that the annus is comparable with the skeloe aaM 
the two armi or the two skelea are comparable with each other. 



The evidence in favor of the first proposition is admirahlj stated 
by Wyman, 55,349 ; but I think we must eliminate what he ]«gards 
as " the most striking facts bearing upon the ideji of fore-and-hind 
symmetry," the antagoniitic attitude which the membra assume dur- 
ing the third stage of development, (55,2S2.}; since the syntropists 
would sty that this attitude ia only secondary and adaptive with t 
mamnialia, and does not even occur at all with lower vertebrates. 

As to the (runt, we quote Wyraan's statements as follows : 

" First. The embryo increases In size, not by a growth from befoH 
backward, but from a central, and, as it were, neutral po 
backward and forward, so that tbe two ends are made t 
from each other in oppoeite directions." 

To this it may be objected, that with tbe turtle (Agassiz, 1 
2,639 and 543), and probably with moat vertebrates, the cephali; fold'l 
is_first formed; and retains throughout a prominence by which it isdis- ■ 
tingiiishable Irom the caudal Ibid ; but on the other hand we may say^ I 
that the turCJe is from the banning a cephalized organism, and all iM 
development must have reference to the after existence tH' a promK 
nent head, bo that this priority in, appearance of n cephalic o 
caudal part is purely telical and no bar to a luorphical comparison- 
1 am inclined to doubt whether this objection could arise with Am- 
phiox... 

'' Second. The primitive groove of the nervous axis in its earlieat^__ 
stage ia nearly symmetrically enlarged at either end, so as 
opposite dilatations ; one the precursor of the future cerebral Tcaictol 
the other uf the rhomboidal sinus." 

■' Third. When the spinal groove closes up, it does so, us Re 
has shown, by the union of ita lips, first in the middle portioi 
then gradually in a symmetrical manner towards either end." 

To the above it will perhaps be answered that with turtles, (20 
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544, and 546), the primitive furrow appears first nearer the cephalic 
fold, and its closure also begins in that region ; but it is probable that 
both these differences are explicable like the preceding, and that they 
would not exist in the Amphioxus. 

" Fourth. The first traces of vertebral segments are to be found in 
three or four pairs of plates, which appear on either side of the primi- 
tive axis, midway between the two ends ; the ossification of the bodies 
of the vertebrre takes place in the same order, beginning in the mid- 
dle and extending in either direction/' 

Upon this point Dr. Cleland has written me as follows : ^* Remak 
is quite explicit in the statement that the primordial vertebrae are 
developed ^owi before backward; it is quite true that the first three or 
four which appear, are placed about the middle of the embryo, but 
that is because the cephalic part of the embryo forms so large a por- 
tion of the whole." May 7th, 1868. Upon this I cannot give an 
opinion, because it is not yet determined where the middle point 
of the vertebrate embryo lies; indeed, it seems to shift position from 
stage to stage of growth. Agassiz's statements respecting the turtle 
agree with Wyman*s, but if we exclude the head from the length, 
then the first vertebrae appear to be formed in the neck ; and I have 
observed that in a large adult skate, Raia ocellata, the segmentation 
of the vertebral column appears at some distance behind the occiput, 
and increases gradually toward the middle of the length. 

BischoflTs figures, especially in the paper on Kaninchen-Eies (figs. 
53 and 54), indicate that the primitive vertebrae begin at some dis- 
tance behind the cerebral vesicles; but Huxley (7J8, 11) states that 
the protovertebrae commence at the anterior part of the cervical re- 
gion and gradually increase backward. The matter can only be 
decided by observations made with the present doubt in view. 

But for this as for the previous questions, I believe we must look to 
Amphioxus. 

I quote further firom Cleland's letter. " A strong point against 
primitive antero-posterior symmetry, is found in the construction of 
the vertebrae; the body of each vertebra, according to Remak, is 
originally formed, the anterior half from one primordial vertebra, the 
posterior from another ; you have these two parts seen in the shape of 
two cones placed apex to apex, and if there were primitive sym- 
metry, surely, when the arch and ribs are in connection with the 
anterior cone in the anterior vertebrae, they ought to spring from the 
posterior cone in the posterior vertebrae ; but it is not so ; they always, 
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I believe in all yertebrafea, tome from the anterior half; - . . 
nervea also, lie behind the archus and ribs of the permanent vertehrie, 
throughout the spinal [column." It it< evident that these are fair objec 
tions, and I call upon others to aid in their removal. 

But in my opinion, the most conclusive evidenee of a meketropia 
homok^y between cephalic and caudal regions, lies in the fact thai 1 
in the very earliest stages of the vertehraffi euibryo, no differenet | 
whatever can bo detected hetween them; the prinutive disk is eiroit- 
iar, and homogeneous, and, in tlie turtle at least (200, 2, 636), the 
very first step toward the Ibrmation of organs is tliu depression of tlut ] 
surtaue at two points upon opposite sides, which mark the position (if 
the liitare head and tail ; Che priniitive furrow appears later; so tliat J 
if development is given the importance which most now allow it, we 
can say that the two ends of the body are set off against each other, 
as Iiomologous and antagonistic parts, even before the right and left I 
sides are separated by the primitive furrow ; moreover, at this timft, J 
the head and tail are nearer each other than the right and left borders I 
of the enibi'yoniu disk, and the subsequent elongation and narrowing I 
is adaptive and not of morphical importance. 

Prof. Wyman's fifthkind of evidence embraces the facta of reaera- ' 
blanee between, the organs at the oral and tlie anal outlets of the 1 
alimentary canal, which was first alluded to by Oken; but it is pro- j 
bable that all determinations of the softer parts must wait until those f 
of the bones are satisfactorily made out. When, however, they a 
taken up, It ought to be asuertained whether the reversed relative 
position of the urinarj- to theintestinai orifices in Teleoalei as compared 
with other vertobratea, affects tho homology of the parts, or whether it 
may be regarded as comparable; to the differences in the connection J 
of the pneumatic ductof iep(rfos/-eufi and Erylhr'mus, (Ow. 63, 1,494)', \ 
as compared with Lepidoniren anci the true air-breathing vertebrates. 



Can we now demonstrate the second proposition, that the a 
arc appendages of the cephalic region of the trunk, and the skelea J 
of the caudal region, and thus find reason for regarding them ai 
similarly related? 

The "Nature of Limbs" has been very differently interpreted, ant 
the minor problems involved in the general question are many am 
complex. 

' Si-e lliinlpr'8 Anat. Memalra, edited by Owen, vol, 1, p. 193, 
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1. What is the normal number of membra ? 

K we could confine ourselves to the adult Mammalia, the answer to 
this would be easy, for no member of this class is known to possess 
more than two pair of organs which answer to the common idea of 
** limbs"; the same is true with the reptiles, the birds, and the 
amphibia, but if we include the fishes, there is room for difference of 
opinion. 

Huxley (251, 61,) and RoUeston, (284, xxxii), state that there 
are only two pair of " articulated limbs ;" and this is the opinion of 
nearly all anatomists ; but Parker, (292, 3), seems to include the 
ordinary membra in the same category with the median fins ; Hum- 
phrey, (248, 65,) is more explicit and holds that *^ each limb of the 
higher animals corresponds with a lateral factor or factors of the 
mesial fin of the fish and would, if development had proceeded in a 
similar manner, have united with its fellow into a mesial organ." Cle- 
land (65), advances the view that ^* the suspensorium and lower jaw 
form an arch corresponding with the limb arches, and the opercular 
apparatus of fishes consists of appendages attached to it ;" while 
Owen (20, 333 and 63, 1, 102), not only includes under the general 
title of " diverging appendages," the pectoral and ventral fins (or 
'*hmbs''), the *' branchiostegals," the '* operculars" and the "ptery- 
goids," but also (20, 269; 63, 1, 30, and.63, 2, 18) enumerates there- 
with the slender or flat processes projecting backward from the ribs in 
some fishes, crocodiles and birds; and further adds that "the true 
insight into the general homology of limbs leads us to recognize 
many potential pairs in the typical endo-skeleton," (20, 270). 

Now it must be admitted that the facts of development as at present 
understood, are not wholly opposed to the above views of the **general 
homology of limbs"; and Wyman, after a most admirable exposition 
of the case (55, 264) says '* we believe there is ground for the hypo- 
thesis that limbs belong to the category of tegumentary organs." ^ 
But it ought also to be considered that this conclusion is based chiefly 
upon the apparent identity of the membral buds with the ridges which 
afterward give rise to the median fins; and this involves the great ques- 
tion of the relative value of deuelopment and of position for the deter- 
mination of homologies ; in the present case, if we allow that the hom- 
ology between the median and the lateral appendages of fishes is as 
complete as that between the two pairs of lateral appendages them- 
selves, upon the ground of primitive identity of structure, then must 

1 Oken, (285, Par. 8387), called them <' tegumentary members." 
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ire not liketriee conclude that the Tigceral arches are membra joi 
on die miildle line; that the flakes of cetacea are membra; : 
the lateral ridgeaattherootofthe tailia some selachians are also m 
bra; and finally that the earapax of tortoisia, (Agassiz, 200, 2, S63,^ i 
represents a continuous series of laidistimjaishable membra above the 1 
ordinary pairs; this in almost a reductio ad absurdum, and is to 
mind aufficLiint evidence that in this connection at least, relative posi- 
tion is of greater imporUnce than apparent identity of primitive 1 
structure; and that we are entitled to recognize in the vertebrate only j 
two piurs of real membra. 

There is one other fact which serves to distinguish the membra Irom I 
the median fins; the latter always appear as a coutiuui>us dorsal 
ventral ridge, which may persist in some fishes and tmtrachians, but J 
which ifl generally absorbed at intervals so as to leave certain portions I 
to form the permanent fins; now if the menibra were wholly in 
same category with these median fins, why should they not be ion 
in like manner? 'Die fact is tbat they never are so formed, eve 
the skate, where, as shown by Wyman (317, p. 35 and Fig. 4),theJ 
pectoral and ventral fins commence as slight ridges in the same plan 
and in close juxtaposition, yet not continuous with each other. 

Nevertheless the opinions of the above-mentioned authorities at 
entitled to great respect, and it can hardly be assumed that the qnes- , 
tion as to the number of membra is decided; indeed, perhaps a rei 
nition of three or more " potential pairs of hmbs" is not oecessaiily ' 
incompatible with the idea of ameketropic relation between the armuB ' 
and skelos, which all i^ree to be botnologous in some way ; but it is 
evident that such a conception as Owen's archetype skeleton, (63, 1, 
30), in which the diverging appendages all point backward, could not 
co-esist with a distinct idea of meketropy; and neither he nor Cle- 
land, nor Humphrey, nor Parker have ever admitted such a principle 
of organization so far as the skeleton is concerned ; it is manifestly 
more easy to regard the membra as then^selves anti tropic ally related | 
if we can show that there arc but two pairs, the one belonging to tbs I 
cephalic the other to tlie caudal half of the trunk, as seen in Fig. 1, 

The early and enornious increase of the head in the higher vertft- 
bratefl leaves the armal buds at about the middle of the embryo; the | 
balance is only restored when a long tail is Ibrmed at the other end;, 
in either case the armi would seem to be most intimately conne 
with the cervical region, and the skelea with the lumbar; but herfti 
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The previous question suggesw several others which have already- 
been mucli discussed. 

1. What is the morphical relation between the membra and tlie 
omoKone uid isokizoDe ? 

9. What is the morphical relation between these arches themselves 
d the skeletal axis 'f 
. What relation do these arches hold to each othtT ? 
1 is now generally admitted that the scapula and ilium are not 
■■Uoperly piU'Es of the membra, although the tbrmer, espeuiRlly, Hppenrs 
ElO be such ID many i]uadniped9, which lack the other elements uf 
:one; and although the telical antagonism ot' position 
I between scapula and iliutu has led mu to include these bones in the 
f presentation of evidence (45, 20,): but I am now convinced that this, 
other considerations (the convergence of the dorsal spines 
rtoward the centre of motion, and the antagonism of membml inter- 
laodei), must be eliminated from the disciuuion. 

The relation between tlie membra and the membral arches has been 
fc«Wy (Uscoiged by Humphrey, (36, 23); also by Wyman, (55, 264), 
t who concludes that *' in their primary condition, linibs do not appear 
Fiobe dependencies of the scapular and pelvic arches any more than 
the teeth are dependencies of the jaws, with which, 
^notwithstanding their totally clifTcrent origin they become en intimately 
K united at last." Still, and in spite of the probability that the onio- 
le serves, especially with fiRhes. as a heart protector, there seems 
1 to doubt that both omoxono and ischizone are formed 
Srith reference lo the attachment of the membra, and are shiA«d in 
n conformity with the oecds of different Epecius. Upon 
duH point consult also Cones, (70, 1^4, note). 

This leads to the second question as to the morphical relation 
f between the omoKone and ischizone and the rest of the skeleton. 

The view of Owen that the " scapular arch is normally the haemal 
(arch of the posterior occipital vertebra of the skull " has been en- 
sed by no real investigator of the subject,' and lias on the contrary 
n vigorouslycorabatedby Goodair, (240, 199,) Humphrey, (36, 28), 

■rof. DtTm has In i IptKr lo me atali?d thnt hi nuw regardi tliB rclatlnn of the ' 
licad a. u fuuutJoTiBl one. nnt a ntriiulursl. ts udmkled in 217.341^ and 1 
I vlilidnin' P17 own osce [)tau>:t' uf wb&l I'urEer calls ibe - perlpitetlo 
BworpboloKj or the ehouldi-r-glrdle." 



', (299, 5S2) and Farker, (392. 



isaiz, Wyman, (55, 360) f 
S7); like some other views of the einineat English anatomist, this 
mi;6t be regarded as a motion unM<!onded, and therefore not open 
to debate. Upon this question consult Parker, (292), Cleland (65,) 
and Wf man (65, 260,) who think that '' additional evidence, especially 
from embryology, is needed before definite conclusions can be reached." 

Embryology ought to determine whether the forward transfer of the 
ventrals to beneath or even in front of the pectorals, in some Mala- 
copleri, is a real shifting or only an ideal one, and if the former, 
how it is accomplished ; lor evidently our second pnipwaition will not 
be accepted by the " realists" in anatomy so long as the " legs" are 
in front of the " arms" with any vertebrate, imless a sufficient account 
can be given of the matter, enabling us to sddnue the somewhat simi- 
lar displacement of the eye in the Pleuronectida, which, by the way, 
could be raade to serve in the elucidation of both problems, unce 
Tra<{Uair's rescarchei are not so complete aa might be wished. 

As to the third question, there seems to be no dispute that the 
omozone and ischizone do, in some way correspond; but both 
Wyman and Humphrey, who have most ably discussed it, will now 
doubtless admit that no determination of the special homolop'es of the 
constituent bones can be other than provisional until the development 
of the ischizone has been elucidated as completely as that of the 
omozone has by Parker; and even then, we must know whether thet« 
bones are to bo compared syntropically or an ti tropically; the impor- 
tance of such determinations is obvious on account of the great num- 
ber of muscles which arise from the two arches. 

We have now to inquire whethcrthe foregoing considerations justify 
our acceptance of the proposition that the armus and skelos -are 
respectively appendages of the cephalic and caudal regions of the 
trunk ; it seems to me that they dojustiQ' us in accepting it provision- 
ally, and until it is satisfactorily sbown, firat, that there are more than 
two pairs of membra, actual or potential, and second, that no such 
thing as aatitropy exists in the body itself. Till then, I think we are 
entitled to study the membra asif they might l>e proved to beantitrop- 
ically related, and to r^ard our success in such comparison as pre- 
sumptive evidence of the correctness of oar method. 
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If, as is held by Darwin and others, the morphical value of a char- 
acter is inversely to its apparent telical importance, I think a very J 
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avgoment in favor of the antitropic relation of the membra may 
be derived from the manner of their ossification as described and 
%iired by Robin.^ 




Fig. 6. 



I have copied his figures, reversing one of them in order to show the 
membra in the relative position which they would have when attached 
to the body, the inside borders (post-armal and pre-skeleal) facing 
each other. It appears from both the figure and description of Robin, 
(though he evidently attached no such significance to the fact, and 
this gives it the greater value for us,) that the long bones of both 
membra begin to ossify in a strictly antitropic manner, the very shapes 
of the points of ossification being symmetrically related. If this is 
the rule with the mammalia, I shall look upon it as a most decided 
confirmation of the general views advocated in this paper, and would 
call the attention of embryologists to the statements of Robin, which 
I have no means of verifying at the present time. 



1 Sur les conditions de Tosteogeni^ avec ou sans cartilage prexistant; Joum. de 
PAnatomie, Tom. I, 1864, p. 577, PI. xv. 
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KEMAJRK* 

The delay in the publication of the last part of this paper enables 
me to offer some general remarks upon it in place of the Glossary of 
morphological terms, the announcement of which was inserted during 
publication, but which for various reasons I have concluded to omit. 

The chief of these reasons is a doubt of my ability to do the work 
satisfactorily at this time; but to this are added the doubt as to the 
limits of such a glossary, and the hope that the new nomenclature 
herein proposed may find helpful criticism among my morphological 
brethren. Yet even were every new term refused acceptance, my 
own conviction of the urgent need for a reform in our system would 
be in no way shaken. At present we are trying to do good work 
with most imperfect instruments; for we are trying to tell each other 
about the parts of animals and their relations to each other (these 
appearing daily more numerous and complex), in the language of 
popular science; we are, in fact, discussing these matters in a manner 
nearly as loose and inexact as that in which animals and plants were 
described prior to the reform begun by Linnaeus. 

The various problems which are involved in the general question 
of intermembral homologies, are rather indicated than discussed; 
the solution of some requires new information upon facts'^ but it 
seems to me that a more urgent need is some agreement as to the 
value of different kinds of evidence; together with a logical method 
in its application. In view of these necessities I venture to suggest 
the incorporation of systematic instruction upon " logic " and *' evi- 
dence " into all University Courses in Natural History. I am certain 
that had logical and legal methods of thought been followed, the 
acceptance of the symmetrical relation of the membra never would 
have been hindered by a purely popular superstition, like the corres- 
pondence of thumb and great toe; and I claim to have proved in the 
foregoing pages that the agreement or disagreement of parts in nu- 
merical composition has never been held to invalidate any homology 
based upon relative position or mxxie of development. Yet even in this 
section of my paper merely an outline of the evidence and argument 
is given, and I have to thank my friend Dr. Coues for a forcible am- 
plification of certain points. I may here refer to the intention formed 
ten years ago, and expressed at the beginning of this paper, to make 
the elucidation of intermembral homologies a main object through 
life and to offer from time to time papers upon the special problems 
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involved. One word as to the historical sketch; I can hardly hop^ 
to have done justice to all; especially to those whose works have not 
heen directly accessible; but while the diagrammatic arrangement of 
the authors will make my errors more apparent, it will also enable 
every one to find or alter his own proper place, or that of another 
upon the scheme. 

Finally I beg that the whole paper may be viewed as a '* topog- 
raphy of our ignorance/' and as an effort to map out our fiiture 
work, rather than as an o^ captandum attempt to decide the great 
questions herein presented. 



ADDENDA. 

Page 161. It is worth noting that the great work of Bourgery and Jacob 
contains the following suggestion to a symmetrical comparison of the membra, 
which, however, like many another, fell still-bom; **En resume, I'epaule n'est 
autre chose que le bassin renverse." Anat. de I'homme, torn i, p. 107. 

Page 169. I trust that the new technical terms here proposed will not be 
included by the Rev. J. G. Wood in his reference to the " Cacophonio combina- 
tions of syllables " (111. Nat. Hist, of Birds, p. 178). Yet his general criticism 
upon scientific nomenclature is well merited; and would only perhaps be more 
useful if coming from one whose style was less diffuse than that of the above- 
mentioned popular writer. 

PagellZ, Synonyms of Annularis; from Huxley, 78; Ulnarfingerj-p.26Q; 
Ulnar digit^ p. 270 ; Fourth digits p. 269. 

Page 311. As to the morphical value of numerical composition Mivart says, 
" I think the degree of segmentation of such structures (ribs) of very little 
consequence morphologically." Vertebrate skeleton, p. 874. 

Page 326. The phrase " morphological value " occurs in Wyman's paper on 
the Development of Raia batis, 837, 85. 

Page 328. As to establishing different kinds of groups upon certain organs, 
Agassiz says, " No system can be true to Nature which is based upon the con- 
sideration of a single part, or a single organ" ; 201,* 289. And Alfred Newton, in 
reviewing Huxley's new classification of Aves^ speaks as follows: "It does 
seem a question very much deserving of attention, how far any approach to a 
natural system can be based upon the modifications of one part of an animal's 
structure, without any reference whatever to other portions of it." Zoolog. 
Record, 1867, p. 48. 

Page 330. Agassiz intimates that orders are based upon internal structure, 
in contradistinction to form upon which families are founded ; 201, 213. 

Page 332. I greatly regret that Kowalewsky's researches upon the develop- 
ment of Amphioxus were not accessible to me when this paper was written : 
the little creature is a good illustration of the contrast between teleological 
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■11 Dtber vertebratea leather, In deciding the problema indicated in ILia pa] 

Page 337. For rapreBentalion in fibrooa tissue liy minlt slrncturei of what ] 
WHE cartllagiuoas in the embryo, see Parker (292, lEa and 1ST). 

Page 33a. Aa to the morpbioal value of developmant, tbo two grest English. | 
auIi^Diities differ further, ns Ibilona: Owen (63, S, T42) speaks of the "low 1 
taionomio value of the placental character "j " development is no ground of 
homology or homolypy" ( while his general repudiation of the eriWrioa le vig- 
orously eipressed as follows: " Whenaver a false homology has to be main> ' 
tatned, the earliest and obscurest phonomeoa and embiyonai development are 
usually resorted to in support of sach view " (HB, 3, 148, note 5). While Hui- 
loy, on tbe other hand, states that " an eitensive study of tho integumentary 
organs convinces one at once tJnat mere structure alfords no base for homologv; 
. . . these definitions of ocderon and enderon rest wholly upon the mode of 
growth." Cyc. AnaL and Phys.; auppl., p. 176. 
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